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COMPARATIVE  AND  EVOLUTIONARY  ASPECTS  CF 
coronaviral,  ARTERIVIRAL  AND  TOROVIRAL  GENOME 
STRUCTURE  AND  EXPRESSION. 

Willy  Spain',  Peter  Bredenbeek,  Ewan  Chimidc,  Twao  de  Vries, 
Johan  den  Boon,  Ans  N'otca,  Eric  Snijder  and  Marian  Horzinek. 
Institute  of  Virology,  Yalelaan  l,  3584  CL  Utrecht,  the 
Netherlands. 

The  genomes  of  coronaviruses,  bernc  virus  (BEV,  the 
prototype  torovirus)  and  equine  arteritis  vims  (EAV,  the  prototype 
arterivirus)  arc  organized  into  several  regions,  each  containing  one 
or  more  open  reading  frames  (ORF)  which  are  separated  by  junction 
sequences  that  contain  signals  for  the  transcription  of  multiple  3’ 
co-terminal  subgenomic  RNAs.  Despite  the  common  genome 
structure  and  translation  strategy,  the  mode  of  mRNA  transcription 
is  clearly  different.  In  contrast  to  the  corona  virus  and  EAV  mRNAs, 
BEV  mRNAs  do  not  possess  a  common  leader  sequence  (see  abstract 
E.  Snijder).  The  common  leader  sequences  of  coronavirus  and  EAV 
mRNAs  a:;  the  result  of  i  i-->dcr  primed  transcription  and  splicing, 
respectively  (sec  abstract  T.  de  Vries). 

Significant  similarity  between  the  predicted  amino  acid 
sequence  of  a  coronavirus  and  torovirus  ORF  and  the  HEl 
hemagglutinin  of  influenza  C  virus  has  been  identified  which  could 
be  the  result  of  non-homoiogous  recombination. 

A  high  degree  of  similarity  was  also  observed  in  the 
predicted  amino  acid  sequence  of  the  second  ORF  of  the  putative 
polymerase  gene  of  two  coronaviruses  belonging  to  different 
antigenic  clusters  (sec  abstract  P.  Bredenbeek).  Strikingly,  ‘<*veral 
regions  of  amino  acid  sequence  homology  arc  present  in  the 
.aiboxy  terminal  part  of  the  coronavirus  and  torovirus  polymerase 
proteins.  On  the  basis  of  these  data  a  new  superfamily  will  be  proposed 


MOLECULAR  (iFNEUC  ANALYSIS  Of  BROMOV  I RUS  REPLICATION 
AND  GENL  EXPRESSION. 

Pool  Ah Iqu ist  * ,  Patricio  fravnor,  Philip  Kroner 
Rod  1  y ci  Pacha,  and  Richard  Allison.  Institute  for  Mole¬ 
cular  Virology,  Uni  torsi t v  of  Wisconsin,  Madison,  w] 
’>3706  USA. 

fhe  genomes  of  hrome  mosaic  vims  i  RMV  )  and  the  rP_ 
latcj  cownea  i.-hloroMc  mottle  vims  (CCMV'.  are  earn 
divided  among  RNAs  1,  2,  and  3  (3,2,  2.9,  and  2.1  kb). 
RNAs  1  and  2  encode  10*  and  94  kD  t rans-act »ng  RNA  re¬ 
plication  factors,  which  share  extensive  amino  acid 
similarity  with  proteins  encoded  by  togoviruses  and 
many  other  viruses.  RNA 3  encodes  a  32  kD  protein  not 
required  for  RNA  replication  anj  also  serves  as  tem¬ 
plate  fop  the  subqenomic  coat  protein  mRNA,  RNA4  .  We 
have  constructed  biologically  active  rDNA  clones  for 
both  BMV  and  CCMV .  and  are  using  those  in  integrated 
studies  of  replication  and  host  interactions.  Targeted 
mutagenesis  demonstrates  that  each  of  three  conserved 
domams  in  the  104  and  94  kD  proteins  involved  m 
RNA  replication.  Hybrids  exchanging  selected  qene  seg¬ 
ments  between  BMV  and  CCMV  RNA2  have  allowed  mapping 
some  characteristics  of  the  94  kD  gene,  and  suggest 
that  some  aspects  of  template  select ivitv  m  RNA  re¬ 
plication  may  map  in  t tie  104  kD  gene.  Deletion  analy¬ 
sis  Of  several  BMV  and  CCMV  RNAs  reveals  unexpected 
complexity  and  variety  in  t  tie  organisation  of  cis-act- 
ing  signals  directing  RNA  replication.  Recent  LTMV  ,r. 
suits  show  that  rei  rwnp mat  i on  rapullv  rescues  viable 
virus  after  ro- inoculat ion  with  independently  disabled 
mutant;;.  Additional  qCnp  exchanges  show  fchaf  (he  dif¬ 
fering  HMV  and  (LMV  host  specificities  arc  controlled 
hy  the  52  kO  n(MH*apsi(»  gene  and  at  least  one  other 
f  actor . 


REPLICATION,  RECOMBINATION  AND  REPAIR  OF  BROME 
MOSAIC  VIRUS  RNA.  Timothy  C.  Hall*,  A.L.N.  Rao,  Gregory  P. 
Pogue  and  Loreu  E.  Marsh.  biv->gy  DK.partr'^nt  Texas  A&M 
University,  College  Station,  TX  77843-3258,  U.S.A. 

The  three  genomic  RNAs  of  brome  mosaic  virus  (BMV) 
encode  four  proteins.  Proteins  la  and  2a,  translated  from  RNAs  1 
and  2,  respectively,  are  vital  frr  replication.  Protein  3a  is  thought 
to  be  needed  for  cell-to-cell  transmission.  The  coat  protein  is 
genetically  borne  on  RNA3,  but  is  translated  from  subgenomic 
RNA4,  generated  from  an  internal  promoter  on  RNA3.  The  sequence 
of  the  3’  200  nucleotides  of  each  of  the  BMV  RNAs  is  similar,  and 
has  a  tRNA-like  structure  that  participates  in  aminoacylation  and 
nucleotidyl  transferase  functions  as  well  as  serving  as  the  promoter 
for  (-)  strand  synthesis.  The  5’  end  of  each  RNA  contains  sequences 
similar  to  the  internal  control  regions  (ICR-)  i  and  2  of  pol  III 
promoters.  This  sequence  similarity  has  suggested  a  role  for  pol  III 
factors  in  the  synthesis  of  infectious  (♦)  strands,  which  are  produced 
in  some  200  fold  excess  over  the  (-)  strand. 

We  have  used  RNA  transcripts  of  cDNA  clones  containing 
site -specific  mutations  and  deletions  for  m  vitro  studies  that  have 
mapped  viral  promoter  3nd  tRNA-like  functions  at  the  molecular 
level.  This  approach  permits  discrimination  between  regions  of  the 
tRNA-like  3'  structure  involved  in  (-)  strand  promoter  (replicase 
recognition  and  initiation),  tyrosyfation  and  nucleotidyl  transferase 
functions  fhe  promoter  yielding  subgenomic  RNA4  was  found  to 
extend  for  approximately  62  nucleotides,  and  contains  four  f unctional 
domains  Deletion  of  the  ICR  l  and  2  motifs  from  the  5’  end  of  BMV 
RNA  tcduces  promoter  activity,  supporting  our  belief  that  pol  III 
factors  mav  be  involved  in  (♦)  strand  synthesis. 

Studies  o.  .ivn.  using  bailey  (a  systemic  host)  plants  or 
protoplasts,  and  Chcwpotiium  hyhndum  (a  local  lesion  host)  plants 
confirm  the  validity  of  interprcta,;ons  from  the  in  vitro  studies. 
Analysis  of  mfeetivin  of  full-length  genomic  RNAs  bearing  the 
defined  mutations  has  revealed  repair  of  the  3*  terminus, 
demonstrating  a  telomere -like  function  for  the  V  str  icture. 
Recombination  of  viral  sequences  has  also  been  seen,  ai  I  the 
parameters  contributing  to  a  high  frequency  of  occurrence  in  some 
situations  and  absence  of  recombination  in  others  are  being 
investigated 


SELF-CATALYZED  LINKAGE  OF  POLIOVIRUS  TERMINAL 
PROTEIN  VPg  TO  POLIOVIRUS  RNA.  G.J.  Tobin.  D.C. 
Young.  MS.  Oberste.  B  J.  Horusco.  and  J.b! 
fianegan.  Depart,  of  Iaaunology  and  Medical 
Microbiology.  Univ.  of  Florida,  Gainesville  FL 
32610  USA. 

We  have  proposed  a  teapJate-priaing  aodel  to 
explain  the  aechanisas  Involved  In  the  initiation 
of  1-)  strand  RNA  synthesis  and  the  linkage  of  VPg 
to  viral  RNa.  Key  predictions  of  the  teaplate- 
prioing  model  are  as  follows:  RNA  synthesis 
initiates  at  the  3'  end  of  the  teapiate  RNA.  and  a 
■echanisa  exists  for  linking  Vpg  to  ( - j  strand 
RNA  In  recent  studies,  we  have  deaonstrated  that 
purified  polyaerase  and  host  factor  can  initiate 
RNA  synthesis  at  the  3'  end  of  polyadenylated  RNA 
templates.  In  addition,  we  have  shown  that  VPg- 
1  inked  (-)  strand  RNA  was  formed  in  a  self- 
catalyzed  reaction  that  required  VPg.  Mg  .  and  a 
poliovirus  RNA  replication  intermediate 
synthesized  _ln  vitro  on  pollovirlon  RNA.  The  VPg- 
linkage  reaction  did  not  require  the  viral 
polymerase,  host  factor,  or  ribonucleoside 
triphosphates  and  wai  specific  for  product  RNA 
synthesized  on  poliovlrion  RNA  The  covalent 
nature  of  the  bond  between  VPg  and  the  RNA  was 
demonstrated  by  the  isolation  of  VPg-pUp  from  VPg 
linked  RNA  and  phosphotyros i ne  from  Vpg  pUp  A 
model  is  proposed  in  which  VPg  is  covalently 
linked  to  a  5'  terminal  UMP  residue  in  (-)  strand 
RNA  as  the  result  of  a  transester  1 fl Cat  ion 
reaction  which  involves  nucleophilic  attack  by  the 
VPg  tyrosyl -hydroxy  1  group  on  a  phosphate  in  the 
terminal  hairpin  jo.ning  the  template  and  product 
RNAS 
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.  i;imf,r>  It.  St  muss,  Californio  Institute  of  Techno l any, 
P;>r.nden:i  CA  USA. 

file  functions  of  conceived  nucleotide  ccqiiences  m 
tnc  alphawrus  genome  and  of  the  nonst  mrtural  prote¬ 
ins  translated  from  fnp  genuine  have  been  examined  in  a 
number  of  wavs.  Site  spec l f ic  mutaf ions ,  including 
both  nubst it ut ions  and  deletions,  have  been  introduced 
into  conserved  domains  of  the  genome  and  the  effect  of 
those  changes  on  the  replication  of  the  virus  in  both 
vertebrate  cells  and  mosquito  cells  examined,  func¬ 
tions  of  nonstruetural  proteins  m  RNA  replication 
nave  been  explored  by  mapping  a  number  of  temperature 
sensitive  mutants  in  several  complementation  groups, 
and  from  the  location  of  these  mutations  and  their 
phontnypes,  at  least  some  of  the  functions  of  these 
proteins  con  be  deduced.  The  nonstruetural  proteinase 
that  cleaves  the  precursor  polvprotein  to  produce  the 
final  protein  products  has  been  mapped  and  found  to 
he  in  the  C> terminal  half  of  protein  nsP2.  We  hypo¬ 
thesize  from  limited  sequence  similarities  with  papain 
that,  t fie  proteinase  belongs  to  this  super! ami  ly.  The 
kinetics  of  cleavage  of  the  polyprolein  prorursins  are 
unusual  and  suggest  the  unc leaved  precursor  pnly- 

prof  e  iris  mav  play  roles  m  RNA  replication  distinct 
from  those  of  the  final  products. 


MURINE  CORONA VIRUS  RNA  SYNTHESIS  J.L.  Lcibowit/1  , 
PH'.  Zullick*  K  V.  Holmes  .  and  S.R.  Weiss*  Univ  Tgcas  Medical 
School-  Houston  ,  Univ.  Pennsylvania  Medical  School*,  and  Uni¬ 
formed  Services  Univ.  of  H>'ilth  Sciences'* 

Murine  coronavirus  infected  cells  synthesize  a  single  species  of 
genomic  size  negative  polarity  RNA  which  serves  as  template  for  ihc 
synthesis  of  both  genome  RNA  and  multiple  subgenomic  mRNAs. 
The  subgenomic  RNAs  are  bipartite  consisting  of  leader  RNA  map¬ 
ping  to  the  5'  end  of  the  genome,  with  the  body  of  the  mRNAs  mak¬ 
ing  up  a  nested  set  mapping  to  the  3‘  portion  of  the  genome. 

Temperature- sensitive  mutanis  with  defects  in  RNA  synthesis 
belong  to  six  different  complementation  groups.  When  examined  in 
more  detail  mutants  representing  these  complementation  groups 
display  several  different  phenotypes.  Temperature  shift  experiments 
have  demonstrated  that  one  mutant  is  defective  in  a  function 
required  very  early  in  replication.  Other  mutants  are  Worked  at  Jalcr 
stages  of  replication  and  can  be  divided  into  at  least  two  classes, 
those  that  can  be  induced  to  accumulate  leader  RNAs  and  those  that 
do  not. 

The  mouse  hepatitis  virus  RNA  polymerase  is  thought  to  be 
encoded  within  the  5’  20  kb  of  the  MHV  genome.  Molecular  clones 
representing  portions  of  the  putative  polymerase  geue(s)  nave  been 
expressed  in  E.  coli  utilizing  a  strategy  which  docs  not  require 
knowledge  of  the  sequences  bring  expressed.  Antisera  have  been 
raised  to  these  expressed  portions  of  the  presumed  MHV  polymerase 
gcnc(s)  and  these  antisera  verified  utilizing  a  novcl  strategy.  Radio- 
immunopreetpitation  experiments  utilizing  these  sera  have  identified 
infected  cell  proteins  which  are  encoded  within  this  portion  of  the 
MHV  genome.  Indirect  immunofluoresceot  studies  have  demon¬ 
strated  different  intracellular  locations  for  proteins  encoded  from  dif¬ 
ferent  portions  of  the  presumed  MHV  polymerase  region  of  the 
genome.  This  supports  the  hypothesis  that  multiple  gene  functions 
arc  encoded  within  this  region  of  the  genome. 
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IN  VITRO  MANIPULATION  OF  PICORNAVIRUS  cDNAs  TO  STUDY 

VIRAL  GENE  FUNCTIONS 

Cristina  Giach«tfi  and  Bert  L.  SemJer  (*> 

Department  of  Microbiology  and  Molecular  Genetic*,  Unrver*ity 
Of  Cafitomia,  Irvine  CA  92717,  USA 

We  generated  o  number  of  omino  ocio  replacement 
mutants  in  the  hydrophobic  domain  contained  in  poliovirus  type  1 
polypeptide  3AB.  It  has  been  proposed  that  this  membrane- 
associated  precursor  of  the  vmon-imked  protein  VPg  may  play  o 
role  in  poliovirus  RNA  replication  acting  os  a  lipophilic  earner  for 
VPg  (Semier  ef  al.,  Cell  Z&-  405-412).  Among  the  mutants  we 
isolated,  mutant  Sel-3AB-3l0/4  snowed  a  strong  temperature- 
sensitive  phenotype-  viral  growth  and  viral  specific  RNA  synthesis 
were  dramatically  reduced  at  39°C.  Temperoture-shift 
experiments  (from  33°C  to  39°C>  indicated  that  the  mutant  was 
able  to  synthesize  RNA  at  a  normal  rote  immediately  after  the 
shift-up.  but  longer  incubation  at  39°C  resulted  in  toss  of  the  RNA 
synthesis  capability  Viral  protein  synthesis  was  normol  ot  39°C 
during  the  first  hour  after  the  shift  from  33°C.  buf  o  dear  reduction  in 
the  overall  amount  of  viral  protein  synthesized  ot  39°C  occurred 
afterwards,  most  likely  as  a  consequence  of  the  lock  of  new  RNA 
template  synthesis  at  39°C.  No  differences  in  viral  polypeptide 
processing  at  39°C  were  detected,  nor  were  there  differences  in 
the  3A8->3A  turnover.  The  only  polypeptide  difference  observed 
wos  on  altered  mobility  during  SDS-PAGE  of  these  two  mutant  viral 
protems  (3AB  and  3A).  The  normal  protein  synthesis/processing 
pattern  produced  by  Sel-3AB-310/4,  ond  the  results  of  the  RNA 
synthesis  temperature-shift  experiments  suggest  a  primary 
defect  in  RNA  synthesis  (which  does  not  involve  RNA  elongation) 
os  bemg  responsible  for  the  ts  phenefype  of  this  mutant  These 
data  pro  vice  evidence  for  o  direct  ro»e  of  posypeptide  3AB  >n 
pONOvirus  RNA  synfnesis 
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DI-PARTICLES  OF  HEPATITIS  A  VIRUS  IN  CELL  CULTURES  AMI 
CLINICAL  SPECIMENS; 

Sicgi',  G.,  Nucsch,  J.P.F.,  de  Chastonay,  J. 

Institute  for  Hygiene  &  Med.  Microbiology,  University 
of  Bern,  Friedbuhlstr .  51,  CH-301C  Bern,  Switzerland 
Hepatitis  A  virus  (HAV)  is  a  unique  picornavirus 
which  tends  to  establish  persistent  ratner  than  lytic 
infection  upon  replication  m  most  cell  culture  systems. 
Viral  harvests  from  such  cultures  contain  particles 
with  defective  genemos  and  the  ability  to  interfere 
with  replication  of  standard  HAV.  Characteristically, 
the  genomic  defects  consist  in  three  internal  deletions 
within  the  region  of  the  genome  coding  for  structural 
proteins  and  span  nts  930-4380  (deletion  A),  1200-3820 
(B),  and  1370-3240  (0).  In  addition,  various  truncated 
RNAs  were  detected  lacking  cither  partially  or  comple¬ 
tely  the  3 'terminal  region  which  is  supposed  to  code 
for  the  viral  repl lease.  Typo  and  predaru nance  of  dele¬ 
tions  A,  B,  and  C  varied  with  the  virus  strain,  with 
the  type  of  cell  used  for  propagation,  and  with  the 
number  of  consecutive  in  vitro  passages  of  the  virus. 
Tne  most  prominent  deletion  C  accumulated  to  detectable 
levels  as  early  as  five  passages  after  isolation  of  HAV 
in  cell  culture.  Moreover,  analysis  of  HAV-RNA  purified 
from  clinical  specimens  revealed  the  presence  of  dele¬ 
tions  B  and/or  C  in  human  feces  and  viremic  blood  col¬ 
lected  in  the  course  of  natural  hepatitis  A  as  well  as 
in  the  liver  of  an  experimental ly  infected  marmoset 
monkey.  Appearance  of  defective  HAV  qennmes  both  in 
vivo  and  in  vitro  as  well  as  conservation  of  deletion 
endpoints  under  both  natural  and  experimental  condi¬ 
tions  of  replication  of  HAV  may  provide  an  excellent 
model  system  to  investigate  generation  and  significance 
of  DTPS  in  viral  disease. 
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NATURAL  AND  ARTIFICIAL  POLIO  DI  PARTICLES 
Akio  Nero  to* 

Department  of  Microbiology,  The  Metropolitan  Institute 
of  Medical  Science.  Honkcmagome ,  Bunkyo-ku,  Tokyo  113 
Japan. 

Defective-interfering  (DI)  particles  of  the  Sabin 
strain  of  type  1  poliovirus  ware  generated  on  serial 
passaging.  Characterization  of  many  DI  particles 
indicated  that  the  locations  of  the  deletions  were 
limited  within  the  internal  genome  region  erwodi.^ 
viral  capsid  proteins  and  that  the  cteletion  sites  were 
clusu_ied  m  certain  areas  on  t he  genare.  Sequence 
analysis  of  a  number  of  cloned  cDNAs  to  the  DI  qenenes 
revealed  that  every  DI  gencme  retained  the  correct 
reading  frame  for  viral  protein  synthesis.  These 
results  strongly  suggested  that  one  or  several  viral 
non -structural  proteins  might  be  cis-acting  at  least 
a  certain  stage  in  viral  replication.  This  ration 
was  proved  by  the  construction  of  a  number  of  artific¬ 
ial  polio  DI  RNAs  followed  by  the  test  to  measure 
their  ability  of  RNA  replicons.  Computer-aided 
sequence  analysis  of  natural  DI  genomes  ga^  an  insight 
into  the  generation  mechanism  of  polio  DI  particles 
that  was  a  new  copy-choice  model.  This  model  was 
supported  by  the  analysis  of  the  genene  of  deletion 
mutants  generated  f ran  a  viable  insertion  mutant  const¬ 
ructed  in  vitro. 
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MOLECULAR  STUDIES  ON  S1NDBIS  VIRUS  AND  YELLOW 
FEVER  VIRUS 

C.  Rice*,  A.  Grakoui,  T.  Chambers,  R.  Galler.  R.  Levis.  R  Raju, 
H.  Huang.  Dept,  of  Micro,  and  Immunol.,  Washington  I’niv.  Sch  of 
Med.,  St.  Louis.  MO  63110-1093,  USA 

Some  of  our  recent  work  on  Sindbis  virus  has  included  a  genetic 
analysis  of  the  promoter  for  subgenomic  RNA  synthesis.  An  insertion 
mutation  in  the  putative  promoter  sequence  drastically  reduced  the 
level  of  the  subgenomic  RNA  without  altering  the  start  site  of  the 
RNA.  The  cis-acting  effect  of  this  mutation  was  demonstrated  by 
incorporation  of  either  a  wiid-type  or  mutant  junction  region  into  a 
defective-interfering  (DI)  RNA.  and  examining  the  relative  synthesis 
of  Dl-derived  subgenomic  RNA  in  vivo  in  the  presence  of  wild-type 
helper  vims.  Independent,  early  passage  revertants  of  the  mutant  virus 
were  readily  isolated  and  sixteen  were  characterized  in  detail 
Although  all  showed  an  increase  in  the  level  of  subgenomic  RNA 
synthesis,  sequence  analysis  of  the  junction  region  Tevealed  that  they 
were  all  pscudorevertants,  with  only  two  containing  potentially 
compensating  changes  in  the  junction  region.  An  assay  developed  to 
identify  revertants  with  second-site  changes  in  trans-acting  viral 
components  involved  in  subgenomic  RNA  synthesis  identified  at  least 
two  such  revertants.  Mapping  of  these  and  other  second-site 
compensating  mutations  may  provide  genetic  clues  as  to  which  virus- 
specific  protein(s)  is  responsible  for  interaction  with  the  conserved 
junction  region  to  promote  subgenomic  RNA  synthesis. 

Our  work  on  yellow  fever  virus  (YF)  has  focused  on  the 
identification  of  the  virus-encoded  proteins  and  proteolytic  processing 
of  the  viral  polyprotein.  In  addition,  a  system  for  regeneration  of 
infectious  YF  virus  from  cloned  cDNA  has  been  developed  which 
should  facilitate  studies  to  uetennine  the  role  of  fiavivirus  proteins  and 
RNA  sequences  in  virus  replication  and  pathogenesis. 
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INITIATION  OF  PROTEIN  SYNTHESIS  IN  PICORNAVIRUS  mRNA 
A©  PROTEOLYTIC  PROCESSING  OF  THE  VIRAL  PTYPROTEIN, 

5. K. Jang,  C.U.T.Hellen,  H.G.Krausslich,  C.K.Lee,  C. 
Mirzayan,  0.  Reuer,  C.  Holscher  and  E.  Wirrmer*  Dept. 
Microb.,  SUNK  at  Stony  Brook ,  Stony  Brook,  NY  11794, 
The  large  size  of  the  5*-nontranslated  region,  and 
the  absence  of  a  capping  group  in  picornavirus  mRNA 
have  led  us  to  carry  out  experiments  aimed  at 
investigating  the  mechanism  of  initiation  of  protein 
synthesis  of  these  viruses.  We  will  present  evidence 
suggesting  that  the  formation  of  an  initiation  complex 
occurs  at  an  "internal  ribosome  entry  site"  (IRES) 
without  the  need  for  a  free  S'  <?"d,  The  IRES  element 
is  sev'vU  hundred  nucleotides  long  and,  according  to 
the  wo i  k  of  V.  Agol,  highly  structured.  The 
polyprotein  is  myristyolated  soon  after  initiation  of 
synthesis;  inhibition  of  myrlstoyiation  by  mutagenesis 
renders  viral  RNA  transcripts  non- infectious. 
Mutagenesis  of  components  of  the  polyprotein  has 
produced  new  insight  In  viral  protein  function.  For 
example,  VPg  was  found  to  be  involved  in  steps  of 
viral  proliferation  following  RNA  synthesis. 

Expression  of  viral  proteinase  3C  (suggested  to  be  a 
trypsin-like  cysteine  proteinase)  in  E.  coll  has 
allowed  us  to  produce  homogenous  enzyme  suitable  for 
crystallographic  studies.  The  enzyme  cleaves 
specifically  synthetic  peptides  with  kinetics 
mimicking  that  observed  in  vivo.  Purified  3C,  however, 
cannot  cleave  efficiently  the  PI  capsid  precursor, 
although  it  can  process  in  vivo  and  in  vitro  a  Q«G 
cleavage  site  engineered  into  an  antigenic  site  of  the 
virion.  Site-directed  mutagenesis  of  2A  cleavage 
sites  suggests  that  intra-  and  intermolecular 
cleavages  carried  out  by  2A  differ  in  their 
requirements  for  the  cleavage  signal. 


DEFECTIVE  INTERFERING  RNAs  ASSOCIATED  WITH  PLANT 
VIRUS  INFECTIONS. 

T,  J.  Morris.  Dept,  of  Plane  Pathology.  Univ. 
California,  Berkeley,  CA  94720,  USA. 

Defective  Interfering  (01/  k.VAs  have  been  identified 
in  association  with  tomato  bushy  stunt  virus  (TESY) ,  a 
monopart ite ,  icosahedral  plant  virus  of  the  Tombusvirus 
group.  These  DI  RNAs  significantly  attenuate  disease 
development  and  interfere  with  the  replication  of  the 
parent  virus.  DI  RNAs  of  about  400  nt  that  are 
naturally  associated  with  T8SV  isolates  have  been 
compared  to  novel  DI  RNA  species  generated  de  novo  by 
high  multiplicity  passage  in  several  plant  hosts.  One 
such  DI  RNA,  derived  during  ten  consecutive  high  m.o.i. 
passes,  is  a  600-nt  single-stranded  RNA  chat  is 
efficiently  encapsidated  in  the  TBSV  capsid  protein, 
replicates  to  high  titre,  and  protects  Che  host  from 
the  normally  lethal  necrosis  associated  with  helper 
virus  infeccion.  Several  independent  cDNA  clones  made 
to  this  DI  RNA  are  colinear  deletion  mutants  of  the 
helper  virus  consisting  of  sequences  from  both  the  5' 
and  3’  non-coding  regions  of  the  viral  genome  as  well 
as  a  portion  of  internal  sequence  from  the  viral 
polymerase  domain.  This  motif  i«=  similar  to  chat  of 
some  newly  identified  Dl-like  RNA  species  associated 
with  turnip  crinkle  virus,  a  distantly  related  member 
of  the  Carmovirus  group.  We  are  currently  using  in 
vitro  transcripts  of  natural  and  artificially  modified 
DI  clones  to  identify  sequences  important  in  the 
replication,  symptom  modulation,  and  encapsidat icn  of 
these  RNAs. 
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UNIQUE  FEATURES  OF  INITIATION  OF  PICORNAVIRUS  RNA 
TRANSLATION 

M.T.Howell,  A.  Kaminski  and  R.J. Jackson*.  Dept,  of  Biochemistry. 
U.  of  Cambridge,  Tennis  Court  Rd,  Cambridge  CB2  1QW,  U.K. 

Recent  evidence  has  lead  to  the  suggestion  that  ribosomes  select  the 
correct  initiation  site  on  picornavirus  RNAs  by  scanning  from  the 
5 -end  but  from  an  internal  ribosome  entry  site  located  within  the  5  - 
untranslated  segment  (5’-UTR),  We  have  examined  this  proposition 
using  cell-free  translation  of  RNAs  transcribed  in  i tiro  from  a  variety 
of  constructs  comprising  segments  of  picomaviraJ  5-UTR  linked  to' 
reporter  genes.  In  the  case  of  encephalomyocardiiis  virus  (EMC) 
RNA.  it  was  shown  that  the  correct  initiation  site,  the  1 1th  AUG  from 
the  5  -end.  is  not  selected  by  a  mechanism  involving  scanning  from  an 
upstream  entry  site.  The  immediate  upstream  AUG  codons,  AUG-8 
through  AUG- 10,  are  completely  silent  in  RNAs  which  include  most 
of  the  EMC  5’-UTR  sequences  downstream  of  the  poly  C  tract,  but 
are  fully  functional  in  constructs  with  shorter  5'-UTR  segments  which 
are  translated  by  a  conventional  cap-dependent  scanning  mechanism. 
With  RNAs  that  include  the  long  5-UTR,  ribosomes  seem  to  bind 
directly  and  exclusively  to  AUG- 1 1  without  scanning  the  upstream 
sequences.  In  contrast  to  this  initiation  at  a  very  specific  site  on 
constructs  with  EMC  5  -UTR  sequences,  our  results  with  constructs 
w  hich  include  segments  of  the  poliovirus  5  -UTR  suggest  that 
ribosomes  initiate  preferentially  at  the  first  AUG  codon  downstream  of 
nt.  580-600,  regardless  of  the  ex,  ct  position  of  this  AUG  codon.  This 
is  consistent  with  the  comparative  5  -UTR  sequences  of  polioviruses 
and  human  rhinoviruses,  and  with  the  following  observations  of  other 
groups:  (i)  deletions  of  the  poliovirus  5’-UTR  from  about  nt.  600  to 
m.  730  have  little  effect  on  translation  efficiency,  (ii)  the  insertion  of 
an  AUG-containing  sequence  into  this  region  is  inhibitory  to  conect 
expression  of  the  poliovirus  coding  sequence.  These  observations 
could  be  explained  by  a  model  of  ribosome  binding  at  an  internal  entry 
site,  followed  by  linear  scanning  of  the  RNA  starting  from  a  position 
close  to  nt.  600. 


6 


S  17 


S  18 


INVESTIGATION  OF  CAP-INDEPENDENT  TRANSLATION  Of  THE 
POLIOVIRUS  RNA  AND  THE  CELLULAR  ®RNA  ENCODING  HEAT 
SHOCK-LIKE  PROTEIN  GRP78/B1P . 

Pe,.er  Sarnow*.  Lyle  Najita  and  Dennis  Macejak. 

Dept,  of  Biochemlscry ,  Biophysics  and  Genetics, 
University  of  Colorado  HSC,  Denver,  CO  80262.  USA. 

Poliovirus  Interferes  with  the  translational 
machinery  of  its  host  by  inactivating  the  cap-binding 
protein  complex  eIF-4F.  Subsequently,  cellular  mRNAs 
bearing  a  m7G-5'cap  structure  can  not  be  translated, 
while  the  viral  RNA,  which  does  not  have  a  5*cap,  can 
be  used  as  a  functional  mRNA  by  a  mechanism  termed 
"cap- independent  translation'*. 

Nonetheless,  we  have  discovered  that  at  least  one 
cellular  mRNA,  encoding  the  stress-induced  protein 
GRP78/B1P  can  be  translated  at  a  dramatically  increased 
level  at  a  time  during  poliovirus  infection  when  cap- 
dependent  translation  of  cellular  mRNAs  is  inhibited. 
Data  are  presented  which  suggest  potential  roles  of 
liudt  shock  and  heat  shock-1  Ike  proteins  in  poliovirus- 
infected  cells. 

It  lias  been  postulated  that  cap-independent 
translation  is  mediated  by  internal  binding  of  the  40$ 
r ibosomal  subunit  to  the  mRNA.  In  order  to  elucidate 
this  mechanism,  we  have  used  a  novel  electrophoretic 
assay,  in  which  RNA-protein  complexes  migrate  more 
slowly  in  polyacrylamide  gels,  to  identify  factors 
which  interact  with  the  5'noncoding  region  of  the  viral 
RNA.  We  have  identified  protein  factors  that  bind 
specifically  to  certain  sequences  in  the  5'noncoding 
region  of  the  viral  RNA,  and  we  are  currently  assaying 
the  possible  functions  of  these  factors  and  their 
cognate  sequences  in  cap- independent  translation. 
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THE  SIGNAL  SEQUENCE  OF  THE  P62  PROTEIN 
OF  SEMUKI  FOREST  VIRUS  IS  INVOLVED  IN 
INITIATION  BUT  NOT  IN  COMPLETING  CHAIN 
TRANSLOCATION 

Henrik  Garoff,  Danny  Huylebroeck,  Andrew  Robinson, 
Ullrich  Tillman,  Dept,  of  Molecular  Biology.  Huddinge 
University  Hospital,  Karolinska  Institute,  Sweden 

The  assembly  mechanisms  for  the  Semliki  Forest  virus 
(SFV)  are  based  on  the  existing  pathways  for  membrane 
assembly  in  the  animal  cell.  Because  SFV  has  evolved 
several  rather  unique  modes  of  using  these  pathways  this 
Vuus>  has  proven  a  valuable  mode1  *.o  study  membrane 
assembly  in  general.  For  example  the  question  of  signal 
sequence  function  in  chain  translocation  across  the 
membrane  of  the  endoplasmic  reticulum  (ER)  has  rerently 
been  addressed  using  SFV. 

So  far  it  has  been  demonstrated  that  the  signal  sequence 
of  proteins  which  are  made  at  the  ER  functions  both  at  the 
level  of  protein  targeting  to  the  ER  and  in  initiation  of  chain 
translocation  across  the  ER  membrane.  However,  its 
possible  role  in  completing  the  process  of  chain  transfer  (c.f. 
Singer,  S.J..  P.A.  Maher,  and  M.P.  Vaffe,  Proc.  Natl.  Acad 
Sci.  USA,  1987.  84:1015*1019)  has  remained  elusive.  In 
the  present  work  we  show  that  the  p62  protein  of  SFV 
contains  an  uncleaved  signal  sequence  at  its  N-terminus 
and  that  this  becomes  glycosylated  early  during  synthesis 
and  translocation  of  the  p62  polypeptide.  As  the 
glycosylation  of  the  signal  sequence  most  likely  occurs  after 
its  release  from  the  ER  membrane  our  results  suggest  that 
this  region  has  no  role  in  completing  the  transfer  process. 


MYRlbTYLATION  UF  POLIOVIRUS  VP4  CAPSID  PROTEINS 
Carol  Reynolds,  Lisa  Curry,  Nicola  Moscufo,  John  Simons 
and  Marie  Chow*,  Dept,  of  Biology,  Massachusetts  Insti¬ 
tute  of  Technology,  77  Massachusetts  Avc.  ,  Cambridge, 

MA  02139  USA 

The  VP4  capsid  proteins  of  poliovirus  is  N-termin- 
ally  modified  with  myristic  acid,  the  fourteen  carbon 
saturated  fatty  acid.  The  modification  reaction 
appears  to  occur  co-transTationally  with  viral  protein 
synthesis  and  can  be  catalyzed  by  host-encoded  enzymes. 
To  characterize  this  modification,  mutations  have  been 
site-specifically  placed  in  the  N-terminal  amino  acid 
sequence  of  the  VP4  protein.  Substitutions  of  the  N- 
terminal  glycine  residue  with  a  wide  variety  of  amino 
acids  prevent  this  modification  from  occuring,  indica¬ 
ting  that  a  N-terminal  glycine  is  absolutely  required 
for  this  reaction.  Additionally,  upon  transfection 
into  Hela  cells,  these  mutant  genomes  fail  to  yield 
infectious  virus.  Thus,  myristate  modification  appears 
to  be  required  for  virus  viability  and  mutations  in  the 
virus  that  prevent  myri stoy lation  of  its  VP4  proteins 
are  lethal.  Amino  acid  substitutions  at  other  residues 
in  VP4  display  altered  levels  of  myristate  modification 
and  generate  viruses  that  display  attenuated  growth 
phenotypes.  The  characterization  of  these  viruses  will 
be  discussed. 
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MOLECULAR  GENETIC  ANALYSIS  OF  A  PLANT  VIRUS  PROTEINASE 
AND  ITS  CLEAVAGE  SITE. 

T.  Dawn  Parks,  S.M.  Cary,  and  W.G.  Dougherty*. 

Iw’^r tr«nc  of  Micrublologv  .  Omaon  State  L'niv.  , 

Cot  va 1 1  is,  OR ,  USA. 

Tobacco  etch  virus  [TEV|,  a  potyvi  cypresses 

its  genetic  Information  as  a  single  high  mol  wt  poly- 
protein  from  a  genome  length  RNA.  This  polyp rote  in  is 
processed  by  at  least  two  viral  encoded  proteolytic- 
activities  associated  with.  87,000  dalton  (kDa)  and 
49kUa  proteins*  Both  proteins  autocat  a lyt ica M y 
release  from  the  polyprotein,  while  the  49kDd 
proteinase  also  cleaves  at  three  other  sites.  The 
cleavage  site  requirements  of  the  49kDA  nrotelnase 
have  been  examined  using  soosiiates  synt'esi^eo  in  a 
cell-free  t ranscr ipt ion/c tans lat Ion  system.  The  7KV 
49kDa  proteinase  recognizes  a  heptapeptide  sequence 
and  cleaves  the  polyprotein  between  Cln-Ser  and  Cln- 
Gly  dipeptides.  Within  this  **»ver.  amino  acid  cleavage 
sequence,  the  P6  Clu,  the  P3  Tyr  and  the  PI  gin  are 
conserved  and  are  essential  in  defining  a  functional 
cleavage  site.  Amino  acids  occupying  the  PS,  P4  and 
P2  positions  vary  between  natural  TEV  cleavage  sites, 
and  in  cell-free  assays,  affect  the  cleavage  reaction 
profile.  Two  TEV  cleavage  sites  have  been  analyzed  in 
detail;  the  50kDa/7ikDA  and  the  58kDA/30kDa  TEV  pro¬ 
duct  Junctions.  The  50kDa/7lkDa  cleavage  site  is 
processed  "slowly",  while  the  58kDa/30kDa  site  Is 
processed  "rapidly"  In  cell-free  processing  assays. 
Exchanging  the  amino  acids  In  the  non-con6er ved  posi¬ 
tions  with  those  residues  found  at  the  other  cleavage 
site  changes  the  reaction  profiles.  This  raises  the 
possibility  that  TEV  may  regulate  gene  expression 
post-t ransl at  Iona  1 ly  by  differential  processing  of 
particular  cleavage  sites. 
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Tire  and  assembly  of  poliovirus 

M.  Hogla* .Department  of  Molecular  Biology, 
tch  Institute  of  Scripps  Clinic,  iubPP  N.  Tor 
Rd..  La  Jolla,  (*A  9203?.  USA 
•  nave  solved  the  structure  ot  several  strain 
in.  In.'.'.iu  fhr  t 1  I'l1"'  • 


.inaUie  c fie  scrwrmc  ot  n.n  t\e.  antiRV 
b i e  er.pt  v  capsids  tram  the  type  l  Mahon e 
The  implications  of  these  structures  fo 
tur.il  deterrr.i nants  ' f  serotype  specificity, 
,  stability,  and  conforsi.it  i  m  transitions  n 
will  be  discussed. 


THE  structure:  OF  FOOT-AND-MOUTH  DISEASE  VIRUS 
D.  Stuart*,  R.  Acharya,  E.  Fry,  D.  Logan;  Laboratory  of 
Molecular  Biophysics,  University  of  Oxford,  Oxford  0X1 
3QU ,  England.  G.  Fox,  D.  Rowlands,  F.  Brown;  Wellcome 
Biotech,  Langley  Court,  Beckenham,  Kent,  BR3  3BS , 
England. 

The  structure  of  crystals  of  FMDV  ( serotype  Oj  BPS 
I860)  has  been  determined  at  2.9ft  resolution.  Refine¬ 
ment  against  all  data  (including  weak  and  negative 
intensities!  in  the  ranoe  S-2.9A  u*ing  XRtnp.  r;s 
reduced  the  R-factor  to  16%  with  an  RMS  deviation  m 
bond  lengths  from  ideal  values  of  0.317ft,  with  no 
manual  rebuilding  of  the  model. 

The  overall  structure  of  the  capsid  and  the  arrange¬ 
ment  of  the  proteins  within  it  are  similar  m  gross 
terms  to  that  described  for  other  picornavrruses.  how¬ 
ever,  there  are  a  number  of  unique  features.  The 
canyon  or  pit  found  in  other  plcornaviruses  appears  to 
be  absent;  this  has  important  consequences  for  cell 
attachment.  The  major  immunogenic  site  (the  so-called 
FMDV  loop,  residues  140-160  approx.)  forms  a  disordered 
protrusion.  Thi»  -ifers  a  satisfying  structura’ 
explanation  for  the  peculiar  success  of  synthetic 
peptide  vaccines  against  FMDV  which  might  have  broad 
implications  for  the  design  ■sj-'h  vaccines.  Scvc-i^l 
lines  of  evidence  from  our  work  and  that  of  others  have 
implicated  this  FMDV  loop  in  cell  attachment  and  there 
is  evidence  that  the  cellular  receptor  for  FMDV  is  a 
meciier  of  the  integrin  family. 

We  hove  investigated  the  structure  of  the  drug 
binding  site  identified  by  Russians  for  the  rh inov ir use > . 
These  results  will  be  discussed. 
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AUU  RNA  PACKAGING  111  SMALL  SPHERICAL  URUSTS: 

PI  SU  TS  I  HUM  HIGH  RESOLUTION  CRYSTALLOGRAPHY 

l.  Cljt*.  .  C.  Sta»»f facl.er  ,  I  i  .  T.  Sctxmldy  ,  W. 

Hon.j  .  v.  kamer1,  M.  Shanks  ,  C.  Lynonossof f t  4  J. 

Uopt.  Of  aiol.  Scl.,  Purdue  University  ,  West  Uif.ivette, 
;i.  w7‘^07  U.S.A. 

John  lories  Inst.,  Af.iC  ».st.  of  Plant  Science  Res., 
uolney  Ln.,  Norwich  HR A  7UH,  United  Kingdom 

There  are  a  limited  number  of  nucleoprutein 
complexes  that  can  be  isolated  directly  from  cells  and 
examined  using  X-ray  cry stal lography ,  Examples  under 
investigation  include  the  ribosome,  the  nucleosome  core 
particle  and  spherical  viruses.  Only  viruses  have  been 
r.  "-'red  oL  o  resolution  sutliclent  to  reveal  atomic 
detail.  Coat  protein  structures  of  spherical  viruses 
Infecting  mammals,  insects  and  plants  have  been 
determined  at  near  atomic  resolution,  however,  protein- 
nucleic  acid  interactions  in  these  viruses  have  been 
only  Indirectly  suggested  by  disorder  ln  portions  of  the 
protein  subunits  and  by  the  distribution  of  basic 
residues  on  the  interior  surface  of  the  capsid.  We 
report  the  structure  of  a  spherical  virus  particle  In 
which  about  20%  of  the  packaged  RNA  Is  well  ordered. 
Portions  of  the  ribonucleotide  chain  bind  to  specific 
regions  of  the  viral  subunits  and  display  the  symmetry 
of  the  capsid  protein.  The  RNA  Is  packaged  In  units  of 
roughiy  33  ribonucleotides  that  circulate  about  the 
trimer  axes  of  the  capsid.  Analysis  of  the  protein 
subunits  shows  that  there  is  a  striking  similarity 
between  picornavirus  capsids  and  the  beanpod  mottle 
virus  (BPMV)  protein  shell,  thus  supporting  the 
relationship  between  plcornaviruses  and  the  plant 
comovl ruses  already  suggested. 
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u  t.  sio%  in  mo:  During  vitus  *,vnt  liesis  'wwl. 
■,  v  i  it  (■••.  I  <"*'t  i  iiit*  protein  liiful*-.  In  the  large  i  itirvai.r,* ; 
r.utmn  t.  ttfiiv  in  tt«*  Into  stage-  nf  viral  ftml  I  ij« 1  n 
I  inii  ...  i  i  rl  '.  al  i'V  'it  I  i--i  «>l  i  txs-'.tm..  ’  • 

Mli".  *' leached  j«,  tin*  f.ito  protein  r'lirjonllv 
ir.ed  I'.J  Hu-  r"iM  v  of  nur,.  Hit*  r  llui'.iinial  f  prote¬ 
in  t'.i  linij  ••,i!i".  onrount  el  «»d  hv  I  Hr  nur  i'l  tin*  p 
foil,  ini]  .lir.  .it  r  Iter,  hind  t  hr  rnri’  protein  rftiri 
out  1  v .  •"«!  tf-'fl.'v  flisjinsomh |o  I  hr  cure. 

'vrqiKHwr  m  1:3 1 Viet.  ,.*•  Tt.v  core  ivrolcih  <i<  thr  W,-;/. 
Nile  fl.ivivin,:,  show  that  thr  newly  svnUioi;l/eri  L  pin- 
Inn  rot  it  .11  n*,  <1  by  fli  ophub  n.  rai  box  v  - 1  rrm  mn )  sequel  in* 
whii-h  pr<»t»;shl>  tunctiotu,  ar.  a  membrane  author.  Unt  r 
plot  1  pi t  r-.i'iit  in  virus  partirle*“  does  not  rnntain 
Him  :a  qmrnt  .  Removal  of  thr  hydrophohir  sequener 
might  convert  a  membrane -assoc ialed  complex  of  genome 
RNA  rind  core  protein  which  assembles  into  virus  into  a 
core  which  early  m  infection  ran  l>r  released  from  the 
viral  envelope  and  then  liberates  the  genome  for 
1  ran;; Inf  ton. 
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EVF  iiNCE  FOR  SPECIFICITY  IN  THE  ENCAPSULATION  OF 
SINDBIS  RNAS 

Dondra  Schiesinger*.  Barbara  Weiss  and  Hans  Nitschko 

Dept  of  Molecular  Microbiology,  Washington  University  School  of 

Medicine.  St.  Louis,  MO  USA 

In  previous  studies  we  had  identified  sequences  in  DI  RNAs 
of  Sindbis  virus  that  are  essential  for  replication  and  packaging  ,  but 
could  not  distinguish  between  those  two  steps.  We  have  now 
identified  a  region  of  the  viral  genome  that  confers  specificity  in  the 
binding  of  RNA  to  the  capsid  protein  in  vitro.  This  region  which 
extends  from  nucleotide  683  to  1255  in  virion  RNA  is  also  present 
in  DI  RNAs.  A  DI  RNA  that  lacks  these  sequences  replicates  in 
infected  cells,  but  is  not  packaged,  providing  evidence  that  this 
domain  plays  a  role  in  encapsulation  in  vivo.  In  the  course  of  these 
and  other  studies  on  packaging,  we  discovered  that  Sindbis  RNAs 
can  undergo  recombination.  These  results  will  be  discussed. 


THE  CELL  BIOLOGY  OF  A  TROJAN  HORSE:  EARLY 
EVENTS  IN  ALPHAVIRUS  INFECTION.  A.  Helemua*, 
Susan  Froshauer,  Ila  Singh.  Sandra  Schnud  and 
Ira  Mailman.  Dept.  Cell  Biol.,  Yale  School  of 
Med.,  New  Haven,  Ct,  USA. 

Alphavitusea  enter  their  host  cells  by 
receptor-mediated  endocytosis  followed  by  acid 
triggered  fusion  in  endosomal  vacuoles.  By 
studying  the  uptake  and  the  acid-induced 
conformational  changes  in  the  spike 
glycoproteins  in  normal  and  acidification 
defective  CHO  cells,  we  have  demonstrated  that 
the  organelle  of  entry  is  the  early  endosome. 
SFV  does  not  penetrate  fro*.«  primary  endocyt.  c 
vesicle,  nor  normally  from  late  endosomes  or 
lysosomes.  Our  evidence  suggests,  moreover, 
that  replication  of  viral  RNA  and  synthesis  cf 
nenst ructural  as  well  as  of  structural  proteins 
occurs  in  structures  associated  with  the 
cytoplasmic  surface  of  cytopathic  vacuoles  I 
(which  we  find  to  be  modified  secondary 
lysosomes).  The  lysosome  associated  material 
contains  nsP3  and  nsP4,  and  probably 
constitutes  a  "factory"  for  synthesis 
assembly  of  nucleocaps  \  ds  .  The  uncoatir.g  i 
the  viral  nucleocapsids  remains  the  least 
understood  step  in  the  pathway.  We  find  that 
the  low  pH  in  endosomes  is  not  required  for 
uncoating  of  incoming  nucleocapsids;  capsids 
isolated  from  virus  are  infectious  when 
microin jected  into  cell.  (NIH  R3T  A 1 1 8 b 9 9 ) . 
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MOLECULAR  CHA«ACTPR!7ArI0N  CF  MAJOR  GROUP 
PH  I  NO  VIRUS  RECEPTOR  REVtAiS  HEM  1 1 1  TO  I  CAM- 1 . 
Joanne  E.  Tomassmi,  Donald  Graham,  Corn  lie  M. 
Dew’itt,  Donald  W.  Lmeberger,  and  Richard  J. 
Colonno*.  Dept.  of  Virus  i  Cell  Biology,  Mere* 
Sharp  &  Dohme  Research  Laboratories ,  West  Point, 
t'A  i  9486 

A  90  kDa  Surface  glycoprotein  was  previously 
isolated  and  shown  to  be  required  for  infection 
the  "major"  group  of  Human  Rhirovirus  (HRV) 
serotypes  (J.  Virol.  58:090-095).  Amino  acid 
sequence  of  the  receptor  protein  was  obtained  from 
isolated  CNBr  and  tryptic  peptides.  Using 
degenerate  oligonucleotides  predicted  from  the 
peptide  sequences,  four  cDNA  clones  were  identified 
that  encode  a  3  kb  mRNA.  The  clones  wpre  ligated 
together,  subcloned  into  a  SV'40  expression  vector, 
and  used  to  transfect  receptor  negative  Vero  cells. 
Resu'ts  showed  that  transfected  cells  expressed 
receptor  molecules  capable  of  binding  HRV  and  a 
monoclonal  antibody  which  recognizes  the  "major" 
group  HRV  receptor.  The  cloned  receptor  gene 
displayed  nearly  identical  sequence  homology  to  the 
intercellular  adhesion  molecule  1  ( I  CAM- 1 )  a"d 
indicat***  the  t*o  surface  proteins  are  one  and 

the  same.  Both  proteins  have  identical  mass, 
carbohydrate  composition,  and  tissue  distribution. 
In  addition,  “major"  group  receptors  on  HeLa  cells 
could  be  induced  with  various  cytokines  in  a  manner 
similar  to  the  I  CAM- 1  ligand.  A  similar  induction 
of  the  HRV  "minor"  group  receptor  was  not  observed. 
Molecular  studies  were  initiated  to  map  the  virus 
and  antibody  sites  on  the  I  CAM- 1  ligand. 
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!U  V  U  1 1  A  I  I  (IN  (Jl  1  Mi  MAJW?  HUMAN  f<H  1  NOV  I  RU‘>  HU'I  I'MJH. 
A  | . » r i  Mi  (  1  r*  1 1 :jr art •  and  Jpffrev  M.  lirpvt’.  Mo  1  ec« 1 1 ;i I 
■  h*'S  .((H-ut  ii  :;  lin  Wo:;t  Haven,  (.'  1  UbA. 

tin-  niii  jnr  human  rhinnvimr.  reroptor  ij*»nr  h;»r.  l»i.*eri 
m  .  *  [  .-Out  *-*1  Hilo  mouse  l  cells  by  transfection  of  human 

. . .  0\  A  and  ?  At’li  selection  usinq  botfi  umr,  bmcJ- 

j-mj  ,*rsii  in  ant  i  -  receptor  monoclonal  antibody.  Purified 
'•  :  i  ecept  or  protein  isolated  from  t  ransf  ect  ant  s 

*  :■  .  *•  ii'uw;  of  the  nu,jot  receptor  (jroup  ui 

.  .'in.  Protein  sequence  of  1UI>  residues  of  the  rerep- 
!i  :  •, flowed  10CJ  identity  with  Il'AM-1.  Jhe  ON  A  <;e- 

i  •  *  fit  a  full  Innqt.h  receploi  cONA  clone  isolated 
t  i  ;■»>■.>!  ert  ant  r,  confirmed  tfiat  tfie  major  human  rhi- 
'v ..  e  :  1 1*  - —  rp'.'j;  and  ICAM-1  ore  the  same  molecule.  L»- 
ino'f  ■.  to  identify  virus  hu\dmq  determinant*,  of 
r  f  i- •  ri-'eptor  and  to  produce  voluble  inhibitors  of  vi- 
:.»!  .-iM  arhment  will  be  described. 
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IDENTIFICATION  OF  A  SECOND  CELLULAR  RECEP¬ 
TOR  FOR  A  COXSACKIEVIRUS  CB3  VARIANT  (CB3- 
RD)  K-H.L.  Hsu,  S.  Paglini,  B.  Alstein, 
and  R.L.  Crowell  Hahnemann  Univ.  Sch.  of 
Med.,  Philadelphia,  PA  19102. 
Coxsackievirus  B3-RD  (CB3-RD)  is  a  host 
range  virus  variant  which  will  grow  in 
human  RD  cells.  It  recognizes  both  a  new 
receptor  (HR2 )  on  RD  cells  and  the  receptor 
(HR1)  for  parental  CB3  on  HeLa  cells  (Hsu 
et  al  J. Virol.  62:1647,  1988).  CB3-RD  also 
binds  to  a  saturable  receptor  (HR3)  on 
human  erythrocytes  which  is  specifically 
inhibited  by  a  monoclonal  antibody  RmcA , 
which  also  recognizes  HR2  on  both  HeLa  and 
RD  cells.  HeLa,  RD  and  erythrocyte  cell 
membranes  were  soluoilized  with  detergents, 
virus  or  antibody  binding  activity  was 
determined  in  a  filter  binding  assay  (Bio¬ 
dot  assay)  vising  35s-labeled  CB3-RD  ox  *51- 
labeled  RmcA  as  probes.  The  binding  sites 
on  all  three  cells  for  either  probe  were 
sensitive  to  2-mercaptoethanol  treatment, 
but  insensitive  to  trypsin.  Solubilized 
cell  membrane  proteins  were  separated  by 
non-reducing  SDS-poly-acrylamide  gel  elect¬ 
rophoresis,  blotted  on  nitro-  cellulose 
membranes  and  probed  with  either  15S-CB3-RD 
or  '"i-RmcA.  A  60  kd  band  was  identified 
in  HeLa  cell  (also  had  a  55  kd  band)  ,  RD 
cell  and  erythrocyte  membranes  which  was 
distinct  from  the  50  kd  receptor  protein 
described  previously  for  the  HeLa  cell  HR1. 
Supported  by  NIH  Grant  No  AI03T»1 


INHIBITION  OF  CYTOPATHOGEN IC1 TV  INDUCED  BY 

PICORNAVIRUSES  hi  A  MONOCLONAL  ANTIBODY  TO 

INTERCELLULAR  ADHESION  MOLECULE- 1  (ICAM-1). 

V  iv.cc-i'.t  J.  Merluzzi.  Ph .  D .  *  and  Robert  Rothlein. 
Fh.D..  Boehringer  Ingelheim  Pharmaceuticals,  Inc, 
90  Easr  Ridge  Road.  Box  368,  Ridgefield,  CT  06877 
Recently,  antibodies  directed  toward  Intercellular 
Adhesion  Molecule- 1  (ICAM-1)  have  been  shown  to 
inhibit  the  attachment  of  the  major  subgroup  of 
rhi noviruses  to  their  receptor.  The  receptor  for 
this  subgroup  lias  been  subsequently  shown  to  be 
ICAM-1. 

The  cliei-t  of  mot sucl vital  antibodies  to  adhesion 
proteins  were  tested  or.  picornavirus -  induced 
cytopat Eugenic  effect  (CPE)  assays  ;n  vitro. 
Several  rhi novirus  strains  representing  the  major 
and  minor  receptor  subgroups  as  well  as  three 
coxsackie  strains,  one  polio  strain  and  two 
non-picornavirus  strains  'Herpes  Simplex  !  (HSV-1) 
ana  influenza  A;  were  studied  using  HeLa  cells  as 
targets.  Monoclonal  antibodies  to  ICAM-1  inhibited 
CPE  induced  by  picornavi  ruses  that  bind  to  the 
major  rhinovirus  receptor  subgroup  These  same 
antibodies  had  no  effect  on  picornaviruses  that 
attach  to  the  minor  rhinovirus  receptor  subgroup  or 
unrelated  virus  receptors  Antibodies  to  Lymphocyte 
Funct ion-Associaced  Antigen- 1  (LFA-1),  the  natural 
binding  partner  for  ICAM-1.  did  not  inhibit  CPE 
induced  by  rhiriovi  ruses .  Cyt  opathogeniclty  induced 
by  KRVbu  (major  subgroup?  on  the  JY  1 vmphobl astoid 
cell  line  was  inhibited  by  antibodies  to  ICAM-1  In 
addition.  HRV5fc  induced  capping  of  ICAM-1  on  JY 
cells  as  detected  by  immunofluorescence  This 
observation  suggests  a  possible  mechanise  by  which 
ii’k'.'i)-  enters  target  cells 
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MOLECULAR  GENETICS  OF  CELLULAR 
RECEPTORS  FOR  POLIOVIRUS 

C.L.  Mendelsohn,  M.  Morrison,  M.  Freistadt  &  V.R 
Racanielio*.  Dept,  of  Microbiology.  Columbia  University. 
N  Y..  N.Y.,  USA  10032. 

The  first  event  in  poliovirus  replication  is  attachment  to 
a  cell  receptor.  To  identify  this  receptor  and  determine  its 
role  in  viral  tissue  tropism,  cDNA  clones  encoding 
functional  poliovirus  receptors  were  isolated.  The  cDNA 
clones  encode  transmembrane  polypeptides  that  are  new 
members  of  the  immunoglobulin  superfamily  Northern 
hybridization  analysis  indicates  that  poliovirus  receptor 
transcripts  are  expressed  in  a  wide  range  of  human 
tissues,  in  contrast  to  the  limited  expression  of  virus 
binding  sites,  which  suggests  that  additional  factors  or 
modifications  of  the  receptor  protein  are  required  to  permit 
poliovirus  attachment  To  identify  the  site  cf  poliovirus 
attachment  on  the  cell  receptor,  deletions  of  receptor 
cDNAs  were  constructed  which  will  be  assayed  for  the 
ability  to  support  poliovirus  binding  and  infection.  To 
determine  the  structure  of  the  receptor  at  the  cell  surface, 
trpE-poliovirus  receptor  fusion  polypeptides  have  been 
synthesized  and  used  for  production  of  rabbit  polyclonal 
anti-receptor  antiserum.  To  elucidate  the  basis  for  the 
ability  of  the  P2/Lansing  strain  of  poliovirus  to  infect  mice, 
murine  genomic  and  cDNA  clones  were  isolated  that  are 
homologous  to  human  poliovirus  receptor  cDNA 
Northern  analysis  indicates  that  the  murine  homologue  of 
the  polio  irus  receptor  is  expressed  in  many  mouse 
tissues  Experiments  are  under  way  to  determine  whether 
the  murine  receptor  homolog  encodes  poliovirus  binding 
sites 
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THE  ANTIGENIC  STRUCTURE  OF  FOOT  AND  MOUTH 
DISEASE  VIRUS  AND  ITS  RELEVANCE  TO 
SYNTHETIC  VACCINES 

Dr.  D.J.  Rowlands,  Wellcome  Biotech,  Langley  Court, 
Beckenham,  Kent  BRj  3BS,  U.K. 

The  structure  of  foot  and  mouth  disease  yirus 
(FMDV)  has  been  solved  at  a  resolution  of  2.9  A  by 
X-ray  diffraction  techniques.  The  overall  structural 
organisation  of  the  particle  is  similar  to  that  seen  in 
other  picorna viruses  but  there  are  several  unique 
features.  Many  of  these  help  to  explain  its 
characteristic  physical  and  biological  properties.  In 
particular  the  canyon  or  pit  found  at  the  surface  of 
other  picornaviruses  is  lacking,  which  has  important 
implications  for  cell  attachment  and  the  process  of 
infection.  Also  there  are  60  large  disordered 
protrusions  at  the  surface  corresponding  to  the  major 
antigenic  site.  This  disorder  is  of  particular  interest 
in  relation  to  the  striking  ability  of  linear  synthetic 
peptides  to  induce  protective  immunity  against  foot 
and  mouth  disease. 


UTti  Of  SPONIAMOUS  DHUC-Rf  SISTAM  MUTANTS  10  ! ARCS' I 
CAPSID  REGIONS  IMPORTANT  f  OR  ATTACHMENT  AND  UNCOATINC 
Of  P I CORNAV  J  RUSE  S . 

Rueckert ,  R.R.*,  B.A.  Heinz,  D.A.  Shepard,  and  W.M. 
Ice.  Institute  for  Molecular  Virology,  University  of 
Wisconsin,  Madison,  WI  S3706  USA. 

WIN  compounds  block  attachment  of  human  rhinovirus 
14  (HRV14)  to  Hel  a  cells  apparently  by  deforming  a 
specific  region  of  the  canyon  floor  when  the  drug 
binds  in  an  underlying  pocket.  Sequence  analysis  of 
over  80  mutants  resistant  to  high  (HR)  or  low  (IR) 
concentrations  of  drug  showed  that  HR  mutations  were 
confined  to  2  positions  V188  and  C199  in  VP1  and  the 
substitutions  were  invariably  bulkier  side  chains.  The 
LR  mutat ions  on  the  other  hand  occurred  in  a  wider  va¬ 
riety  of  positions,  all  in  the  drug-drformgble  region 
of  VP1  on  the  canyon  floor.  All  of  the  mutations, 
without  exception,  fell  in  regions  involved  in  drug 
binding  and  virus  attachment.  These  results  suggest 
that  drugs  which  block  uncoat ing,  will  be  similar  use¬ 
ful  for  targeting  capsid  regions  involved  in  the  RNA 
uncoat ing  process.  Effects  of  drug  resistance  muta¬ 
tions  on  attachment  and  uncoating  will  be  illustrated 
with  single-cycle  growth  curves  and  plans  for  site-di¬ 
rected  mutagenesis  of  target  sites  involving  attach¬ 
ment  and  uncoat ing  will  be  discussed. 
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Analysis  of  Coronavxxus  MHV  surfic* 
glyoprotsin  functions. 

S.G.  Sidde 1 1 , 

Insitute  of  Virology,  University  of 
Wurzburg,  8700  Wurzburg,  F.R.G. 

The  murine  coronavirus  MHV-JHM  has  3 
envelope  gl ycoprot eins ;  the  integral 
membrane  protein  M,  the  surface  glycoprotein 
S  and  the  haemagglut inin  protein  HE.  It  is 
known  that  the  M  protein  plays  a  role  in 
determining  the  intracellular  site  of  virus 
maturation.  The  S  protein  mediates 
attachment  of  the  virus  to  tissue  culture 
cells  and  is  involved  in  the  fusion  of  viral 
and  cellular  membranes.  The  biological 
function  of  the  HE  protein  is  unknown. 

Wp  have  taken  two  approaches  to  analysing 
the  functions  of  the  S  and  HE  glycoproteins. 
Firstly,  we  have  produced  and  mapped 
monoclonal  antibodies  which  recognize  linear 
epitopes  on  the  S  protein  and  neutralize 
virus  infectivity  by  either  preventing 
attachment  or  preventing  fusion,  f-o  far,  we 
have  identified  one  domain  responsible  for 
attachment  and  two  separate  domains  involved 
in  fusion.  Secondly,  we  have  used  the 
vaccinia  virus  system  to  overexpress  to  HE 
protein.  It  has  been  possible  to  demonstrate 
that  this  protein  has  both  receptor  binding 
(haemabsorpt ion )  and  receptor  destroying 
lacetylosterase)  activities.  These  results 
will  be  discussed. 
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ANTIGENIC  STRUCTURE  AND  FUNCTION  Of  THE  ElAVlVIRUS  EN¬ 
VELOPE  PROTEIN  E . 

f  .X.  Heinz*,  C.  Monel  1,  f.  Cuirakhoo,  H.  Holzmann,  W. 
luma,  and  C.  Kunz .  Institute  if  Virology,  University 
of  Vienna,  Vienna,  Austria. 

The  envelope  protein  E  is  of  paramount  significance 
for  the  biology  of  flaviviruses  since  it  is  essential 
for  cell  attachment  and  probably  fusion  and  also  in¬ 
duces  a  protective  immunity  a'.er  natural  infection  or 
active  immunization. 

We  have  established  a  structural  model  of  the  tick- 
borne  encephalitis  (IBE)  virus  E  protein  that  contains 
information  on  the  organization  of  the  polypeptide 
chain  within  the  protein  and  correlates  epitopes  and 
antigenic  domains  to  defined  sequence  elements.  The 
model  is  based  on  an  epitope  map  that  reveals  the  se¬ 
rological  specificities,  functional  activities,  and 
topological  relationships  of  19  different  epitopes 
most  of  which  cluster  to  form  three  major  antigenic 
domains  (A,  fl,  and  C).  The  structural  characteristics 
of  each  epitope  were  determined  and  the  localization 
of  individual  antigenic  sites  within  the  primary  ammo 
acid  sequence  was  performed  by  amino- t ermina 1  sequenc¬ 
ing  of  immune -react ive  fragments  and  RNA-sequenc ing  of 
antigenic  variants  selected  in  the  presence  of  neutra¬ 
lizing  monoclonal  antibodies.  Neut ral izat ion  escape 
mutants  selected  by  monoclonal  antibodies  directed  to 
different  sites  were  characterized  with  respect  to 
their  ncurovirulence  upon  peripheral  inoculation  of 
adult  mice-  Mutants  wi.h  a  single  amino  acid  exchange 
within  nntiqenic  domain  8  had  almost  corr^letelv  lost 
their  virulence.  However,  the  mutants  replicated  in 
the  mice  and  induced  a  protective  immunity  against 
peripheral  challenge  with  virulent  virus. 
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U*JUNE  RESPONSES  TC  DENGUE  VIRUS. 

Francis  A.  Qrnis*1,  Ichiro  Kurane1,  Jack  F.  Bukcwski1, 
Udo  Kontny1,  Jurand  Janus1,  Bruce  Innis2,  Ching-juh 
Lai2f  Margo  Brin  ton1,  Michael  Bray2,  Barry  Fa 1 gout2, 
Bruce  Innis4,  Ananda  Nisalak4,  Suchitra  Niiroannitya6 , 
Anthony  Meager6.  1.  Univ.  of  Massachusetts  Medical 
Ctr. ,  Worcester,  MA.USA.  2.  NIAID,  NIB,  Bethesda,  MD, 
USA  3.  Georgia  State  Univ.,  Atlanta,  GA.USA.  4. 

AFRIMS,  Bangkok,  THAILAND.  5.  Children's  Hospital, 
Bangkok,  THAILAND.  6.  NIBSC,  Hertfordshire,  ENG. 

The  ccrplex  imnunoregulatory  responses  to  dengue 
virus  are  being  defined  using  himan  lymphocytes , 
monocytes  and  sera  from  dengue  infected  patients. 
Patients  with  dengue  have  interferon  ganma  in  their 
circulation  at  concentrations  which  upregulate  Fc 
receptors  on  hunan  monocytes  to  render  them  more 
susceptible  to  infection  by  dengue  virus-antibody 
corplexes.  Dengue- immune  individuals  have  dengue- 
specific  memory  CD4+  and  CD8+  T  lynphocytes.  Upon 
st  imul  .tion  during  secondary  dengue  infection  and  late 
in  primary  infections,  dengue  specific  T  cells  produce 
IFNy.  CD4+  and  CD8+  T  cells  have  specific  cytotoxic 
activity  against  dengue- infected  cells.  MHC  class  I 
and  II  restricting  elements  present  epitopes  of 
nan-structural  antigens  to  these  T  cells.  Interferon 
ganma  also  increases  expression  of  MHC  antigens  which 
aids  in  recognition  by  dengue-specific  cytotoxic  T 
lymphocytes.  The  production  and  biological  activity  of 
other  lyirphokines,  e.g.  IL-1 ,  II/-2,  TNFX  and  IFTJ*vhave 
been  measured  in  the  sera  of  dengue  infected  patients. 
These  results  form  the  basis  of  a  vvorking  model  of  the 
ixununological  regulation  and  pathogenesis  of  dengue 
virus  infections. 


CURRENT  APPROACHES  TO  THE  PROBLEM  OP  POLIO¬ 
VIRUS  ATTENUATION 

V.I.Agol.  Inst,  of  Poliomyelitis,  Moscow 
Region,  142782,  USSR 

The  attenuation  of  poliovirus  is  being 
investigated  with  respeot  to  the  viral  muta¬ 
tions  involved  and  the  peculiarities  of  the 
poliovirus  interaction  with  neural  cells.  The 
principal  attenuating  mutations  of  the  Sabin 
vaccine  strains  looated  in  the  middle  of  the 
5*  -untranslated  region  of  the  viral  RNA  were 
shown  to  result  in  a  diminished  ability  of  the 
RNA  to  initiate  the  polyprotein  Bynthesis  in 
cell-free  systems,  suggesting  the  existence  of 
a  cta-aoting  translational  control  element 
far  upstream  from  the  initiating  codon.  The 
secondary  structure  of  this  element  will  be 
presented,  as  well  as  the  results  of  studies 
on  its  interaction  with  trafta-aoting  host 
protein  factors.  Modifications  of  this 
element  as  a  possible  way  to  oreate  novel 
attenuated  poliovirus  strains  will  be  con¬ 
sidered.  In  the  framework  of  the  Beoond 
approach  to  the  attenuation  problem,  it  was 
found  that  the  reproduction  of  the  type  1 
Sabin  strain,  compared  to  its  neurovirulent 
parent  (Mahoney),  in  the  cells  of  a  human 
neuroblastoma  line.waB  severely  restricted. 
Both  attenuated  and  neurovirulent  polio 
b trains  were  shown  to  be  able  to  establish 
chronio  infection  of  the  neuroblastoma  cells. 
Implications  of  these  observations  for  the 
attenuation  problem  will  be  discussed. 
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THE  CAPSID  OF  POLIOVIRUS  DEPENDS  ON  THE  MYRISTOYLATION  OF  VP*  FOR 
ASSEMBLY  AND  DETERMINES  THE  HOST  RANCE  OF  THE  VIRUS.  Hare  Ciretd, 
Annate*  Martin,  Daniel  Hare.  Danlila  Benichou,  Cxeelev  Uychovskl 
and  Sylvie  van  der  Werf,  Laboratory  of  Molecular  Virology. 

Institut  Pasteur,  Paris,  France  . 

Mutations  were  Introduced  by  oligonucleotide  cassette  exchange 
or  site-directed  autogenesis  of  poliovirus  type  1  (PV-l)  cDNA  in 
the  region  coding  for  the  viral  capsid  precursor  PI.  The  properties 
of  'he  resulting  autants  were  studied  In  vivo  upon  transfection  of 
private  cells.  Mutations  Cly-PArg,  Ale-PPro,  end  Ser-*  Pro  in 
the  N-teralnal  sequence  N(Met ) .Cly . Ala.Cln. Val .Ser .  or  PI  prevented 
the  ayrlstoyletlon  of  VP*  and  were  lethal  for  virus  growth. Reverse 
mutants  were  found  to  arise  spontaneously  In  the  transfected  cell 
cultures.  All  shoved  a  restored  consensus  ■yristoylation  sequence 
(e.g.  Cly  st  position  1,  Ala,  Ser,  Thr  or  Leu  at  position  2  and 
Ser,  Thr  or  Ala  st  position  5).  Lack  of  ■yrletoylatlon  did  not 
prevent  replication  nor  translation  of  the  virsl  ItNA,  nor  processing 
of  PI.  This  suggests  that  syxistoyletlon  is  needed  at  e  relatively 
late  stage  of  poliovlrlon  ssseebly  and/or  for  capeld  stability. 

Mutations  of  VPl  aaino  acids  Pro9S  { — *Asp),  Sort?  (-•Pro)  and 
Thr.Asn.Lys.Asp  99*102  Lys.Arg.Ala.Ser)  resulted  la  the  creation 
of  s  PV-l/PV-2  chlaaerle  virus  with  six  aaino  acids  froatho  PV-2 
sequence.  This  virus  was  neurovirulent  for  alee.  Mouse  neuro* 
virulence  could  be  abolished  by  single  autatlone  of  residues  Asp91 
( -PGly.Asn.Val),  Asp93  (-*Cly,Ain),  Lys99  (-^Asn,  Clu),  or  LeulO* 
1 — PArg) ) .  or  by  the  double  autetlon  of  Lys99  (—♦Thr)  and  Serl02 
( — >Asp)  (in  collaboration  with  T.Coudorc,  R.Cralnic  and  J. Bogle). 
Other  possible  eoabinetlona  are  under  study  to  determine  VPl  aaino 
acid  positions  critical  for  aouse  neurovirulence.  The  substitution 
of  tie  entire  sequence  of  VPl  aaino  acide  9**102  *v  a  foreign  aaino 
acid  sequence,  or  its  entire  deletion,  seaaed  not  to  alter  the 
stability  of  ihe  capsid  nor  the  viability  of  the  virus,  while 
resulting  in  a  virus  with  aodifled  antigenicity.  Such  chiaaerlc 
polioviruses  could  serve  as  the  basis  for  new,  aultivalent  vaccines, 
either  live  vaccines  using  the  Sabin  strain  as  a  vector,  or 
inactivated  vaccines,  using  a  vild-typa  poliovirus  strain  . 
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MOLECULAR  PATHOGENESIS  OF  THEILER’S  VIRUS 
INFECTION  . 

Howard  Lipton  .  Miriam  Calcnnff  Faobcrg.  Roland  Mctzncr 
and  Steve  Miller 

Norlhwestcrn  University  Medical  School,  Chicago.  IL.  60611  USA 

The  Thciler's  murine  encephalomyelitis  viruses  (TMEV)  arc 
enteric  pathogens  of  mice  and  members  of  the  cardiovirus  sub¬ 
group  in  the  Picornavirus  family,  .wo  TMEV  virulence  groups 
exist:  (1)  Highly  virulent  strains  which  produce  a  lethal 

encephalitis  in  mice,  and  (2)  Less  virulent  strains  which  cause  a 
persistent  CNS  infection  and  chronic  dcmyclinating  disease.  The 
demyclinating  process  is  immunc-mcdiatcd  and  results  from  a 
virus-specific,  delayed  type  hypersensitivity  (DTH)  response 
rather  than  from  autoimmune  reactivity  against  CNS  antigens  or 
cytolytic  infection  of  myelin-maintaining  oligodendrocytes.  Thus, 
infections  by  less  virulent  TMEV  provide  a  relevant  analog  for 
the  human  disease,  multiple  sclerosis. 

Using  double-immunoflorcscent  staining  of  CNS  tissues  and 
Percoll-gradient  isolated  CNS  mononuclear  cells.  TMEV  was 
found  to  persist  primarily  in  macrophages.  Only  L2000 
macrophages  are  infected  and  only  1-5  PFU  are  produced/cell. 
The  kinetics  of  this  persistent  state  will  be  discussed. 

To  map  elements  on  the  genome  responsible  for  pathogenetic 
properties,  full-length  cDNA  clones  of  two  prototype  TMEV 
strains  were  constructed  in  the  bacterial  plasmid  pGEMl  BHK-21 
cells,  transfected  with  RNA  transcripts  made  off  the  T7  RNA 
promoter  from  either  the  highly  virulent  GDVII  virus  clone  or 
the  less  virulent  BeAn  8386  virus  clone  produced  infectious  virus. 
The  progeny  viruses  have  the  same  phenotypic  characteristics  as 
the  parental  strains.  Chimeric  recombinants  between  the  genomes 
of  the  two  virulence  groups  have  also  been  constructed.  RNA 
transcripts  of  chimera  representing  mixes  of  the  major  genomic 
regions  yield  infectious  virus  upon  transfection.  The  phenotypic 
properties  of  these  chimeras  will  be  discussed. 
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STUDIES  OF  AU’HAVIUUS  VIRULENCE  USING  FULL- LENGTH  CLONES  OF 
SIND131S  AND  VENEZUELAN  EQUINE  ENCEPHALITIS  VIRUSES 
R.  E.  John* ion*  >.  N.  L.  Davwl.  J.  M.  Polo*.  D.  L.  RuascUi  D.  F.  Pence  I.  W  J. 
Meyer  I,  D.  C.  Flynn  1.  L  WUli*  1  and  J.  F.  Smith2.  1  University  of  North  Carolina. 
Chapel  Htli.  N.C.  and  2U.  S.  Army  Research  Institute  of  Infectious  Diseases. 
Fredc.lck.  Md. 

Attenuating  mutation*  of  SlndbM  and  VEE  have  been  identified  after  selection 
of  parental  virus  populations  for  rapid  penetration  of  0I1K  cells  or  rests  Lance  to 
neutralization  by  monoclonal  anubodtes  (MCAbs).  The  mutations  were  Identified 
by  sequencing,  and  the  phenotypes  of  several  such  mutants  were  confirmed  by 
inserting  them  Into  fuU-length  clones.  An  ARC  for  SER  substitution  at  E2  codon 
1 14  in  Stndbts  strain  AR339  (virulent  In  neonatal  mice  sc  and  Icl  conferred 
attenuation  (following  sc  inoculation),  rapid  penetration  and  increased  sensitivity 
to  neutralization  by  a  single  class  of  MCAb.  those  recognizing  the  £2-c  antigenic 
site.  The  sequence  of  E2c  MCAb  resistant  mutants  Indicated  that  mutations  at 
E2  62.  96.  1 14  or  159  affected  both  virulence  and  E2c  MCAb  activity,  suggesting 
that  these  residues  are  constituents  of  one  pathogenesis  determining  domain  on 
the  Slndbla  glycoprotein  spike.  E2  62  and  E2  1 14  mutations  altered  penetration 
os  well  as  virulence.  Therefore.  co-selccUon  for  rapid  penetration  and  attenuation 
could  be  explained  by  the  presence  of  overlapping  pathogenesis  and  penetration 
domains.  In  addition  to  mutations  In  £2.  El  mutations  at  codons  75  and  237 
also  affected  virulence  In  neonatal  mite.  Mutants  of  SA_AJi86  (a  Sindbls  strain 
vtrulcnt  in  adults  tc  os  well  as  in  neonate*),  which  converted  E2  codon  1  from  SER 
to  ASN.  created  u  new  glycosylatlon  site  and  prevented  PE2  cleavage.  The 
resulting  virions  contained  PE2  rather  than  E2.  were  rapidly  penetrating  and  were 
attenuated  in  udutls  Ic  and  in  neonates  by  cither  the  tc  or  sc  routes.  Rapidly 
penetrating,  attenuated  mutants  of  VEE  also  were  Isolated  and  sequenced  A 
cD'«A  clone  of  the  VEE  genome  was  constructed  such  that  infectious  VEE  K.VA 
transcripts  could  be  derived  from  the  clone  utilizing  transcription  from  an 
upstream  T7  promoter.  We  are  In  the  process  of  Inserting  the  VEE  attenuating 
mutations  into  the  done,  both  individually  and  in  combination,  with  the  hope  of 
generating  an  effective,  attenuated  VEE  vaccine  candidate  with  a  low  rate  of 
reversion  to  virulence. 


ENTEROVIRAL  HEART  OISEASE 

R.  KANDQLP* ,  P.  KIRSCHNER,  H.  SCHCJNKE.  K.  KLINGEl, 
A.  CANU,  J.  MERTSCHINC,  R.  ZELL,  P.H.  HOFSCHNEIDER 
MPI  fllr  Biochemie,  D-8033  Martinsried,  FRG 

To  date,  there  is  firm  evidence  from  in  situ  hy¬ 
bridization  that  enterovirus  infections  of  the  human 
heart  lead  to  a  significant  number  of  patients  presen¬ 
ting  with  clinical  signs  and  symptoms  of  myocarditis 
and/or  dilated  cardiomyopathy.  In  patients  with  dila¬ 
ted  cardiomyopathy  of  recent  onset,  the  most  dramatic 
manifestation  of  myocarditis,  the  incidence  of  myocar¬ 
dial  infection  was  found  to  be  about  30Z.  Moreover, 
enterovirus  RNA  was  not  only  found  to  be  present  at  an 
early  stage  of  the  disease  but  also  in  chronic  dilated 
cardiomyopathy,  indicating  persistence  of  the  virus  in 
the  human  heart.  The  concept  of  viral  persistence  in 
chronic  dilated  cardiomyopathy  is  substantiated  by  the 
finding  of  enterovirus  persistence  in  fjllow-up  biop¬ 
sies  of  patients  with  ongoing  cardiac  disease.  Another 
important  finding  was  the  detection  of  viral  RNA  in 
interstitial  myocardial  cells  as  well  as  in  myocytes, 
which  agrees  with  our  previous  in  vitro  findings  in 
cultured  human  heart  cells  and  persistently  infected 
human  myocardial  fibroblasts.  In  addition,  antisera 
raised  against  bacterially  synthesized  coxsackievirus 
B3  proteins  are  described,  which  revealed  a  broad 
spectrum  of  cross-reactivity  within  the  enteroviruses. 
The  use  of  this  antisera  in  combination  with  in  sicu 
hybridization  will  allow  the  question  of  whether  re¬ 
stricted  replication  is  implicated  in  persistent  forms 
of  enterovirus-induced  cardiomyopathies  to  be  answe¬ 
red.  Furthermore,  the  use  of  the  polymerase  chain  re¬ 
action  technique  provides  a  powerful  means  to  study 
the  molecular  basis  of  persistent  enterovirus  infec¬ 
tion. 
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REFINEMENT  OF  THE  SATELLITE  RNA  OF  CUCUMBER  MOSAIC 
VIRUS  FOR  USE  IN  THE  CONTROL  OF  VIRUS  INFECTION. 

David  Baulcombe*,  Martine  Ja«gle*#,  Martine  Devic. 
Sainsbury  Laboratory,  Colney  Lane,  Norwich,  NR4  7UH,  UK 
**IP$R  Cambridge  Laboratory,  Cambridge,  CB2  2JB,  UK 

We  have  shown  previously  that  transgenic  plants  are 
resistant  to  infection  by  cucumber  mosaic  virus  (CMV) 
if  they  express  the  satellite  RNA  of  CMV.  It  is 
thought  that  the  basis  of  the  resistance  is  partly  a 
competition  between  the  satellite  RNA  and  the  helper 
virus  for  replicase  enzymes  and  partly  interference  of 
the  satellite  RNA  with  the  processes  which  lead  to 
symptom  formation. 

In  principle,  expression  of  satellite  RNA  in  trans¬ 
genic  plants  is  a  highly  effective  strategy  for  control 
of  viral  infection.  It  is  not  necessary  for  the  trans¬ 
genic  plants  to  produce  new  proteins.  Furthermore, 
because  the  expressed  satellite  RNA  is  replicated  by 
CMV,  there  is  effective  resistance  even  when  the 
inoculum  is  very  concentrated,  or  when  the  satellite 
RNA  itself  is  expressed  at  a  low  level.  However,  there 
are  also  disadvantages.  We  have  shown  that  the 
expressed  satellite  RNA  can  be  acquired  by  viral 
cultures  and  transmitted  out  of  the  transgenic  plants 
to  non-transf ormed  plants.  This  is  undesirable  as,  in 
some  forms,  the  satellite  RNA  can  induce  severe 
symptoms . 

As  a  solution  to  these  problems  we  have  identified 
functional  domains  in  the  molecule  so  that  non- 
essential  regions  can  be  deleted  in  a  disabled  form  of 
the  satellite  RNA. 
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TOE  ROLE  OF  MDLECULAR  EPKEMIOIOGY  IN  SUPPCRT  OF  TOE 
GIOBAL  PROGRAM  TO  COf/TOOL  POLIOMYELITIS . 

Olen  M.  Kew.  Division  of  Viral  Diseases,  Centers  for 
Disease  Control,  Atlanta,  GA  30333  USA. 

Wild  poliovirus  infections  paralyze  nearly  250,000 
children  each  year.  The  World  Health  Organization  has 
initiated  a  global  inmunizati.cn  program  for  eradicating 
all  natural  transmission  of  wild  polioviruses  by  the 
Year  2000.  Important  strides  towards  this  goal  have 
been  attained  in  the  Americas  and  Europe,  ard  in  parts 
of  Asia  and  Africa,  laboratory  support  is  essential  to 
the  eradication  program,  providing  critical  data  on  the 
populations  at  highest  risk  for  poliovirus  infection, 
the  patterns  of  spread  of  wild  polioviruses,  and  the 
identities  of  reservoirs  sustaining  transmission  of 
wild  viruses.  To  monitor  the  distribution  of  wild  polio- 
viruses,  we  have  determined  the  genetic  relationships 
anc*19  isolates  fren  recent  cases  by  partial  sequencing 
of  their  RNA  genomes,  since  poliovirus  genomes  evolve 
rapidly,  we  can  estimate  the  proximity  of  epidemiologic 
links  among  cases  and  outbreaks  by  cteteraining  the 
genetic  secjjence  relatedness  among  isolates.  Viruses 
sharing  >85%  of  their  nucleotide  segiences  were  ocreid- 
ered  to  be  members  of  a  single  genotype,  derived  fnn  a 
ocraocn  ancestral  infection.  Many  distinct  genotypes 
(all  three  serotypes) ,  having  geographically  defined 
regions  of  endaaicity,  coexist  worldwide.  Unambiguous 
links  were  found  among  cases  occurring  in  the  Middle 
East,  EXrrcpe,  North  America,  and  South  America.  The 
genetic  sequence  information  has  been  applied  to  the 
design  of  synthetic  oligonucleotide  probes  of  pre- 
determinai  specificities  (vaccine-  or  wild  gmotype- 
specific),  permitting  surveillance  for  wild  genotypes 
by  sinple,  routine  diagnostic  tests. 
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RATIONAL  DESIGN  OF  ANT IPICORNAVIRAL  AGENTS. 

Mark  A.  McKinlay,  Sterling  Research  Group,  Rensselaer, 
New  York  12144. 

A  novel  class  of  antipicornavir»l  agents  discovered 
by  the  Sterling  Research  Group  have  been  shown  to  in¬ 
hibit  the  replication  of  a  broad  spectrum  of  human 
rhinovi ruses  and  enteroviruses  in  vitro  and  prevent 
enterovirus-induced  paralysis  when  administered  orally 
to  infected  mice.  Initial  mechanism  of  action  studies 
demonstrated  that  these  compounds  blocked  uncoating  of 
rhinovirus  type-2  (HRV-2)  and  poliovirus  type-2  via  a 
direct  interaction  with  the  virion.  In  the  absence  of 
data  on  the  molecular  details  of  the  binding  site  for 
these  molecules,  conventional  structure-activity  rela¬ 
tionship  analysis  was  successfully  applied  to  the  de¬ 
sign  of  compounds  with  improved  potency  and  spectrum 
of  activity.  Following  the  elucidation  of  the  binding 
site  for  these  compounds  at  atomic  resolution  within 
rhinovirus  type-14  (HRV-14)  by  the  Purdue  group  headed 
by  Michael  Rossmann,  it  was  for  the  first  time  possi¬ 
ble  to  begin  true  rational  design  of  compounds  with 
enhanced  potency.  The  x-ray  structure  revealed  that 
the  drug  binding  pocket  was  predominantly  hydrophobic 
in  nature,  and  design  efforts  have  been  directed  to¬ 
wards  compounds  which  would  increase  hydrophobic  in¬ 
teractions  through  filling  empty  space  in  the  pocket- 
The  conformat lonal  changes  induced  in  VP1  following 
compound  binding  were  found  to  extend  to  residues 
within  the  floor  of  the  "canyon",  or  proposed  cellular 
receptor  ( I  CAM— 1 )  binding  site.  Subsequent  analysis 
showed  that  HRV-14  and  other  major  receptor  group  rhi- 
noviruses  examined  are  all  inhibited  in  their  ability 
to  attach  to  the  cellular  recentor,  thus  providing 
support  for  the  canyon  as  the  receptor  binding  site. 
Minor  receptor  group  virus  examined  thus  far,  includ¬ 
ing  HRV-2,  are  not  blocked  in  attachment,  and  are  all 
presumably  inhibited  at  the  uncoat ing  stpp. 


REDESIGNING  POLIOVIRUSES  FOR  VACCINE  PURPOSES.  J.W. 
Almond,  D.J.  Evans,  K.l  .  Burke,  M.  Ferguson,  P.D. 
Minor,  M.A.  Skinner,  C.  Young,  J.  McKeating,  0. 
Jenkins.  Department  of  Microbioloqy,  University  of 
Reading,  U.K. 

With  the  objective  of  developing  improved  polio 
vaccines  and  oral  vaccines  against  other  diseases,  we 
have  used  site-directed  mutagenesis  to  modify  the  ge¬ 
nomes  of  the  Sabin  vaccine  strains  of  poliovirus  types 
T  and  3.  Studies  on  type  3  have  concentrated  on  modi¬ 
fications  of  the  5'  non-coding  region  based  on  a  se¬ 
condary  structural  model  derived  by  computer  modelling 
and  biochemical  analysis  (Skinner  et  al .  1989).  Our 
results  suggest  that  both  the  primary  and  secondary 
structure  of  the  S'  NCR  can  influence  the  neuroviru¬ 
lence  of  the  virus. 

Our  studies  on  poliovirus  type  1  have  concentrated 
on  modifications  to  antigenic  domains.  We  have  previ¬ 
ously  shown  (Burke  et  al .  1988)  that  type  3  antigenic 
domains  can  be  correctly  expressed  on  the  type  1  par¬ 
ticle.  We  have  extended  these  studies  to  antigenic 
sites  2  and  3  and  have  introduced  antigenic  domains 
from  heterologous  viruses  such  as  HPV-16  and  HIV 
(Evans  et^  al  ■  1988).  The  antigenic  and  immunogenic 
properties  of  these  virus  chimaeras  will  be  discussed. 

References: 

Skinner,  M.A.,  et  al.  (19B9)  J. Mol .Biol,  (in  press) 
Burke,  K.L.,  et  al.  (1988)  Nature  332:81-82. 

Evans,  D.J.,  et  al.  (1989)  Nature  339:385-8. 
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SEQUENCE  ANALYSIS  OF  THE  GENOME  RNA  OF  LACTATE 
DEHYDROGENASE-ELEVATING  VIRU§(LDV) . 

E.K.  Godeny  and  M.A.  Brinton  ,  Georgia  State 
University,  Atlanta,  GA,  USA. 

LDV  was  initially  classified  as  a 
togavirus  on  the  basis  of  its  morphology  and 
genome  type,  namely  a  single-stranded  RNA  of 
positive  polarity.  Further  characterization 
of  the  genomic  RNA  revealed  that  it  contained 
a  3 '  poly  A  tract  as  do  the  genomes  of  other 
togaviruses.  However,  in  contrast  to 
togaviruses,  no  subgenomic  viral  mRNA  has  been 
observed  in  LDV-infected  cells.  Randomly 
primed  cDNA  obtained  from  the  genome  of  the 
neurotropic  LDV  isolate,  LDV-C,  cross- 
hybridized  with  the  genomes  of  other  LDV 
isolates,  but  not  with  the  genomes  of  an 
alphavirus,  rubella  virus,  a  flavivirus,  or 
cellular  rRNA.  Sequence  information  obtained 
from  cDNA  synthesized  from  LDV  RNA  indicated 
that  the  sequence  of  the  3'  terminal  genomic 
region  is  highly  conserved  among  different 
isolates  of  this  virus.  However,  the  LDV  3' 
terminus  does  not  contain  highly  conserved 
sequences  or  RNA  secondary  structures 
characteristic  of  the  3‘  termini  of  either  the 
togavirus  or  flavivirus  genomic  RNAs . 
Additional  information  obtained  upon 
completion  of  the  LDV-C  genome  sequence 
analysis  and  the  mapping  of  the  virion 
structural  proteins  will  determine  whether  LDV 
should  be  reclassified  as  a  new  family  or 
remain  within  the  Togaviridae. 
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INSERTION  OF  UBIQUITIN  CODING  SEQUENCE  IDENTIFIED 
IN  THE  RNA  GENOME  OF  A  TOGAVIRUS 
GREGOR  MEYERS*,  TILLMANN  RUMENAFF  AND 
HEINZ- JURGEN  THIEL 

Federal  Research  Centre  for  Virus  Diseases  of 
Animals,  D-7 400  Tubingen,  Federal  Republic  of 
Germany 

Pestiviruses,  currently  classified  as  toga¬ 
viruses  ,  are  positive  stranded  RNA  viruses  which 
represent  causative  agents  of  severe  animal 
epidemics.  Comparison  of  the  genomic  sequences  of 
different  members  of  the  genus  pestivirus,  in 
particular  two  bovine  viral  diarrhea  virus  (BVDV) 
strains  and  a  hog  cholera  virus  (HCV)  strain,  led 
to  the  identification  of  strain  specific  in¬ 
sertions  in  the  BVDV  genomes.  Such  insertions 
are  not  present  in  the  HCV  sequence.  The  amino 
acid  sequence  encoded  by  the  insertion  of  one 
BVDV  strain  (Osloss)  and  the  conserved  animal 
ubiquitin  sequence  are  almost  identical .  For  the 
insertion  in  the  genome  of  a  second  BVDV  strain 
(NADL)  homology  to  a  host  cellular  mRNA  was 
demonstrated  by  hybridization.  The  nucleotide 
sequence  of  a  cDNA  clone  derived  from  cellular 
mRNA  exhibits  99%  homology  to  this  BVDV  in¬ 
sertion.  These  findings  which  can  be  explained 
by  an  RNA  recombination  process  between  viral  and 
host  cellular  sequences  add  a  new  aspect  to  the 
evolution  of  RNA  viruses.  In  addition  they  lead 
to  a  novel  model  for  pathogenesis  of  a  persistent 
pestivirus  infection. 
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ASSOCIATION  OF  ALPHAVIRUS  REPLICATION  WITH  THE 
CYTOSKELETAL  FRAMEWORK  AND  TRANSCRIPTION  IN 
VITRO  IN  THE  ABSENCE  OF  MEMBRANES. 

D.Banon.  D.Sawicki,  S.Sawicki*.  Medical  College  of  Ohio.  USA 
Alphavirus  (Sindbis  or  Semliki  Forest  virus)  RNA  synthesis 
occurs  in  complexes  that  are  composed  of  the  viral  nonstructural 
proteins  (nsPs),  viral  RNA  templates  and  possibly  associated  host 
factors.  These  replication  complexes  are  associated  with  the  smooth 
membrane  fraction  of  infected  cells.  An  obstacle  to  the  purification 
of  alphavirus  replication  complexes  has  been  the  inability  to  remove 
the  membranes  and  retain  the  RNA  polymerase  activity  in  vitro. 
Because  treatment  of  the  membrane  fraction  with  detergents  releases 
endogenous  RNases,  it  proved  difficult  to  assess  the  polymerase 
activity  of  detergent  treated  replication  complexes.  We  developed  a 
method  to  measure  the  polymerase  activity  of  detergent  treated 
membranes  that  did  not  depend  on  measuring  the  incorporation  of 
radioactive  precursors  into  the  single-stranded  RNA  products  of  the 
viral  rcplicase.  Using  this  method  we  have  obtained  from  the 
smooth  membrane  fraction  (1.16g/cc)  of  infected  cells  membrane- 
free  replication  complexes  that  synthesize  in  vitro  viral  RNA. 
Removal  of  the  lipids  with  Triton  X- 100  and  deoxycholate  caused 
the  density  of  the  replication  completes  to  shift  from  1.16  g/cc  to 
1.25g/cc.  The  membrane-free  replication  complexes  retained  at  least 
80%  of  the  polymerase  activity  associated  with  the  membrane 
associated  replication  complexes.  Although  membrane- free,  the 
detergent  treated  complexes  co-purified  with  the  detergent-insoluble 
cytoskeletal  framework.  Immunoprecipitation  with  monospecific 
antibodies  (gift  of  R.  Hardy  and  J.  Strauss)  identified  nsPI,  nsP2, 
nsP3  and  nsP4  in  the  lipid-free  fraction.  Therefore,  alphavirus 
replication  complexes  do  not  require  lipids  for  polymerase  activity 
in  vitro  and  appear  to  interact  with  the  cytoskeletal  framework  of 
infected  cells. 
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DEFINED  MUTATIONS  IN  THE  POLIOVIRUS  CAPSID  PRO¬ 
TEINS  CAUSE  SPECIFIC  DEFECTS  IN  RNA  ENCAPSULATION, 
RNA  UNCOATING  AND  VP0  CLEAVAGE. 

Karla  Kirkegaard*  and  Susan  R.  Compton,  Department  of  Molecular. 
Cellular  and  Developmental  Biology,  University  of  Colorado.  Boulder. 
CO.  USA  80309. 

We  have  constructed,  isolated  and  characterized  two  poliovirus 
mutants,  VP1-I01  and  VP1-102,  whose  phenotypic  defects  are  caused 
by  two  different  small  deletions  in  the  amino  terminus  of  VP1.  The 
lesions  were  introduced  by  a  random  deletion  mutagenesis  procedure. 
The  amino  terminus  of  VP1  is  unresolved  in  the  three-dimensional 
structure  of  the  poliovirion,  but  is  known  to  be  buried  within  the  virion 
and  is  likely  to  be  interacting  with  the  viral  RNA.  Both  VP1-101  and 
VP1-102  show  a  diminished  ability  to  enter  CV1,  but  not  He  La,  cells. 
Neither  the  rate  of  binding  to  cells  nor  of  subsequent  "alteration"  of  the 
mutant  poliovirioos  is  affected;  the  defect  in  cell  entry  can  be  traced  to 
a  lower  rate  of  uncoating  of  the  viral  RNA  in  the  mutant  viruses  on 
CVI  cells.  Although  the  phenotype  of  VP1-101  can  be  amply 
explained  by  this  single  defect.  VP1-102  displays  an  additional 
biochemical  deficiency.  In  VPl-102-infected  CVI  cells.  75S  empty 
capsids  and  14S  intermediates  accumulate,  but  135S  "provirions"  or 
150S  infectious  virions  are  not  observed.  Thus,  only  those  sub  viral 
structures  that  do  not  include  viral  RNA  are  seen.  We  suggest  (hat  tire 
mutation  in  VPl  in  VP1-102  afreets  RNA  encapsulation  as  well  as 
uncoating,  and  that  these  two  related  processes  both  involve  the  amino 
terminus  of  VPl.  The  temperature-sensitive  defect  of  another 
poliovirus  mutant.  VP2-103,  is  caused  by  a  single  nucleotide  substitu¬ 
tion  in  the  VP2  coding  region.  At  nonpermissive  temperatures.  100- 
fold  fewer  infectious  virions  are  observed.  Instead,  structures  sedi¬ 
menting  at  135S  that  are  in  every  respect  identical  to  (he  elusive  "pro¬ 
virion"  are  produced.  Fur.be rm ore,  the  proteolytic  cleavage  of  VPO.  a 
reaction  that  has  been  postulated  to  be  autoproteolytic  and  RNA- 
dependent,  is  not  observed  at  high  temperatures  in  this  mutant  We 
suggest  that  the  primary  defect  of  VP2-103  is  in  VPO  cleavage. 
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ANTIVIRAL  COMPOUNDS  DISTINGUISH  BETWEEN  TWO  SUBGROUPS 
OF  RHINOVIRUS6S  WITH  DIFFERENT  BIOLOGICAL  PROPERTIES 
Koen  Andries*.  Bart  Dewind!,  Jerry  Snoeks,  Henri  Moereels,  Paul  J.  Lewi. 
Janssen  Research  Foundation,  Beerse,  8-2340  Belgium. 

A  variety  ol  chem^ally  ditferent  compounds  inhibit  the  replication  of 
several  serotypes  ot  rhinoviruses  (common  cold  viruses)*1).  We  noticed 
!haf  one  of  these  compounds,  WIN  51711 .  had  an  antiviral  spectmm 
clearly  distinctive  from  a  consensus  spectrum,  identified  for  other  capsid- 
binding  compounds.  On  the  other  hand,  mutants  resistant  to  R  61  837, 
an  antiviral  pyridazinamine,  were  shown  to  be  cross-resistant  to  all  other 
capsid  binding  compounds,  including  WIN  5171  lO).  This  indicated  that 
conpounds  although  sharing  the  same  binding  site  could  have  different 
spectra  of  antiviral  activity. 

A  systematic  evaluation  ot  15  known  rhinovirus-capsid  binding 
conpounds  against  all  serotyped  rhinoviruses  was  therefore  initiated. 
Multivariate  analysis*2)  ot  the  results  revealed  the  existence  ot  a  major  and 
a  minor  drug  subgroup  ot  rhinoviruses,  exhibiting  differential 
susceptibility  to  antiviral  compounds  and  suggesting  the  existence  ot  a 
dimorphic  binding  site. 

The  observed  relationships  between  serotypes  (regarding  their 
antiviral  susceptibility)  turned  out  to  be  highly  correlated  with  sequence 
data*3)  of  amino  acids,  not  only  of  the  putative  binding  site  (17  amino 
acids)  but  also  ot  VP1  (280  amino  acids)  and  even  of  other  genome 
regions.  Rhinoviruses  belonging  to  the  minor  receptor  subgroup  all 
cluster  in  the  major  drug  subgroup.  Furthermore,  we  found  convincing 
evidence  to  allow  for  the  conclusion  that  serotypes  belonging  to  the 
major  drug  subgroup  produce  more  than  twice  as  many  clinical  infections 
than  viruses  belonging  to  the  minor  drug  subgroup. 

(1)  Andries,  K.,  Dewindt.  B  .  Snoeks.  J.  &  Wiltebrords.  R.  Arch 
Virol.  In  the  press.  (2)  Lewi,  P.  J  .  Chemomeincs  and  Intelligent  Laboratory 
Systems,  5. 105-116  (1989).  (3)  Palmenberg.  Ann  C.  in  Molecular 
aspects  ol  picornavirus  inlection  and  detection  (Ed.:  B.  Semler  and  Elly 
EhrenfekJ)  211-241  (Am.  Soc.  Microbiol.,  Washington  D  C.,  1989). 
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sruoifs  on  the  mechanism  oe  readthrough  suppression  in 

MOLONEY  MuLV. 

A.  Rein*1,  Y.-X.  Feng2,  J.G.  Levin2,  0.1.  Hatfield2, 

T.S.  Schaefer1,  R.J.  Gorelick1,  BR1-BRP,  NC1-FCRF, 
Frederick,  MO1  and  NIH,  Bethesda,  HD2  USA 

In  Moloney  (Mo-)MuLV,  an  in-frame  UAG  termination 
codon  separates  the  gag  and  pol  genes.  -95%  of  the 
translation  products  end  at  the  UAG.  but  in  the 
remaining  5%  the  UAG  is  read  as  Gin  .  We  have  studied 
the  mechanism  of  readthrougn  in  Mo -MuLV,  using  both 
in  vitro  translation  and  experiments  in  vivo .  We  find 
(1)  contrary  to  a  previous  report2,  the  suppression  is 
mediated  by  a  normal,  rather  than  virus-induced  or 
altered  glutamine  tRNA.  (2)  Mutants  containing  UAA  or 
UGA  in  place  of  UAG  are  also  suppressed,  both  in  vitro 
and  in  vivo,  and  are  fully  infectious.  Thus, 
mammalian  cells  contain  tRNAs  capable  of  Inserting 
amino  acids  In  response  to  UAA  and  UGA  as  well  as  'JAG, 
and  the  signal  required  for  UAG  suppression  is  also 
effective  for  the  other  two  stop  codons.  While 
suppression  of  UGA  is  well  known,  mammalian 
suppression  of  UAA  has  only  been  documented  f?»  ore  . 

other  case  (Slndbls  virus1).  We  are  now  atte.nf.*  to 
Identity  signals  Involved  in  suppression.  Co%pu*er  j 
analysis  suggests  the  existence  of  several  stea-’n.  v  I 
structures  near  the  UAG  In  Mo -MuLV  RNA,  hut  **  ! 

experiments  to  date  have  not  show*  any  of  them  to  hr 
sufficient  for  suppression  Me  are  also  attempting  o  1 
identify  the  amino  acids  inserted  in  resco- :c  t_  j 

and  UGA.  I 

1.  Toahinak*,  T.  «t  ml  ,  HUI  12  ; 1919-1922.  IMS. 

2.  KiMbtM,  y.  *t  al  .rius  M  U«I-2I)2.  1917  1 

».  14.  0.  #  *i«».  CM..  J.  Tirol  I) :  1)29-21)7 .  19*9  ’ 

(RMOMCb  Ipouarw  by  tha  SCI  <Btfar  aoatraat  *.  e-i-o  . 

•looatlca  Raaaareb.  In«.>.  j 


CH ARACTERI Z ATI ON  OP  SEQUENCE  VARIATION  AMONG 
ISOLATES  OF  RNA  VIRUSES:  THE  DETECTION  OP  MISMATCHED 
CYTOSINE  AND  THYMINE  IN  RNA. DNA  HETERODUPLEXES  BY 
CHEMICAL  CLEAVAGE 
R.G.H.  Cottoo  And  P.J.  Wright* 

Murdoch  Ins tl tut*.  Royal  Children's  Hospital, 
Parkvill*,  Vic.  3052,  and  Dapt.  of  Microbiology, 
Monash  Univ. ,  Clayton,  Vic.  3168,  Australia. 

An  and- la ballad  cDNA  probe  of  known  sequence  was 
prepared  from  tha  PUO-218  Isolate  of  dengue  virus 
type  2 (DEN-2)  and  used  to  form  PNA.ONA  hetaro- 
duplaxes  with  viral  RNA  of  two  other  DEN. 2  isolate*, 
namely  Nav  Guinea  C  and  D80-100.  The  nucleic  acids 
were  specifically  cleaved  at  mismatched  cytosine  and 
thymine  bases  following  treatment  with  hydroxylsmln* 
and  osmium  tetroxid*  respectively.  The  points  of 
cleavage  in  the  end-labelled  ONA  probe  were  located 
by  electrophoresis  of  tha  hataroduplax  samples 
through  denaturing  gels  in  parallel  with  standard 
Maxes  and  Gilbert  reactions  of  the  same  probe.  The 
chemical  cleavage  method  used  in  thie  study  is  of 
general  application  to  tha  study  of  variation  lo  tha 
nucleotide  sequences  of  RNA  viruses.  Provided 
appropriate  cDNA  probes  are  available,  aignif leant 
regions  of  a  genome  can  be  specifically  targattad 
for  analysis.  In  soma  instances,  such  as 
epidemiological  surveys,  a  "fingerprint"  of 
difference  for  a  region  using  s  probe  of  one  sens* 
only  may  be  sufficient.  Alternatively ,  ©ore 
detailed  information  can  be  obtained  using  DNA 
probes  of  both  senses  against  positive  and  negative 
Strand  RNA. 
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FOOT-AND-MOUTH  DISEASE  VIRUS  PROTEASE  3C 
INDUCES  SPECIFIC  PROTEOLYTIC  CLEAVAGE  OF 
HOST  CELL  HISTONE  H3 

Matthias  M.  Falk1  ,  Pablo  R.  Grigera  ,  Ingrid 
E.  Bergmann,  Gerd  Multhaup  ,  Andree  Zibert1 
and  Evald  Beck1 

?  rent rum  fur  Molekulare  Biologie  Heidelberg 
(ZMBH)  INF  282,  D-6900  Heidelberg,  FRG 

2  Centro  de  Virologia  Animal  (CEVAN) 

Serrano  661  (1414)  Buenos  Aires,  Argentina 

In  f oct-and-mouth  disease  virus  (FMDV) 
infected  cells  disappearance  of  the  nuclear 
protein  histone  H3  and  the  simultaneous  appea¬ 
rance  of  a  new  chromatin  associated  protein 
termed  Pi  can  be  observed.  We  have  sequenced 
t-.c  amino  terminus  of  Pi  and  clearly  shoved 
tr.at  :  ..  derives  fr-.m  histone  H3  by  proteolytic 
•’ ait-age.  The  Is  N-terminal  amino  acid  residues 
are  sj-  lfically  cleaved  off  early  during 
i  ‘.ewtion.  In  addition  using  an  in  vitro  trans¬ 
cription/translation  assay  with  different  FMDV 
clones  we  shoved  that  the  histone  H3  -  Pi  tran¬ 
sition  i_  catalysed  by  the  FMDV  3C  protease, 
which  until  now  has  only  been  found  to  be 
responsible  for  the  processing  of  the  viral 
polyprotein.  The  3C  protease  is  the  only  FMDV 
protein  required  to  induce  this  histone  H3  -  Pi 
transition.  As  the  deleted  part  of  the  histone 
H3  corresponds  to  the  domain  presumed  to  be 
involved  in  the  regulation  of  transcriptional 
active  chromatin  in  eucaryotes,  it  is  postula¬ 
ted  that  this  specific  cleavage  of  H3  is  a 
mechanism  which  FMDV  utilises  to  switch  off 
host  ceil  RNA  synthesis,  as  is  reported  for 
picornaviruses . 
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ANALYSIS  OF  A  SECOND  PROTEASE  IN  HUMAN 
RHINOVIRUSES 

T.  Skern*.  M .  Zorn,  W.  Sommergruber1 .  P. 
Volkmann1,  I.  Maurer-Fogy 1 ,  F.  Fessl1,  P. 
Pallai2,  J.  Merluzzi2,  D.  81aas  and  E. 

Kuechler . *Institut  fur  Biochemie,  Wahringer 
Str.  17,  1090  Vienna,  Austria,1  EBI  fur 
Arzneimittelforschung,  Or.  Ernst  Boehringerg. 
5-11,  1120  Vienna,  Austria  and  2Boehringer 
Ingeiheim  Pharmaceuticals,  90  East  Ridge, 
Richfield,  Connecticut,  USA. 

Evidence  is  presenter!  that  the  protein  2A 
of  human  rhinovirus  serotype  2  (HRV2)  is  a 
protease.  On  expression  of  the  VP1-2A  region 
of  HRV2  in  bacteria,  protein  2A  was  capable  of 
acting  on  its  own  N-terminus.  Deletion 
experiments  showed  that  removal  of  10  amino 
acids  from  the  carboxy  terminus  inactivated  the 
enzyme.  Site-directed  mutagenesis  identified 
an  essential  arginine  close  to  the  C-terminus 
and  showed  that  the  enzyme  was  sensitive  to 
changes  in  the  putative  active  site.  This 
analysis  supports  the  hypothesis  that  2A 
belongs  to  the  group  of  sulfhydryl  proteases, 
although  sequence  comparisons  indicate  that  the 
putative  active  site  of  HRV2  2A  is  closely 
related  to  that  of  the  serine  proteases. 
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PROPER  PROCESSING  OF  DENGUE  VIRUS  NONSTRUCTURAL  GLYCO¬ 
PROTEIN  NS1  REQUIRES  THE  N-TERMINAL  HYDROPHOBIC  SIGNAL 
SEQUENCE  AND  THE  DOWNSTREAM  NONSTRUCTURAL  PROTEIN  NS2a 
S.  Faigout,  R.  Cnanock,  C.-J.  Lai*.  LID/NIAID, 

Natl.  Inst.  Health,  Bethesda,  Maryland  20892,  USA 

Expression  of  dengue  viral  gene  products  involves 
specific  proteolytic  cleavages  of  a  precursor  polypro¬ 
tein.  To  study  the  flanking  sequences  required  for  ex¬ 
pression  of  the  dengue  virus  nonstructurai  glycoprotein 
NS1,  we  constructed  a  series  of  recombinant  vaccinia 
viruses  that  contain  the  coding  sequence  for  NSi  in 
combination  with  various  lengths  of  upstream  and  down¬ 
stream  sequences.  The  NSI  products  expressed  by  these 
viruses  in  infected  Cv-i  cells  were  insnune  precipitated 
and  analyzed  by  sodium  dodecyl  sulfate-polyacrylamide 
gel  electrophoresis.  The  data  show  that  the  24-residue 
hydrophobic  sequence  preceding  NSI  was  necessary  and 
sufficient  for  the  production  of  glycosylated  NSI,  and 
that  this  sequence  was  cleaved  from  NSI  in  the  absence 
of  most  dengue  viral  proteins.  This  finding  is  con¬ 
sistent  with  previous  proposals  that  this  hydrophobic 
sequence  serves  as  an  N-terminal  signal  sequence  that 
is  cleaved  by  aLqnal  peptidase.  The  cleavage  between 
the  C-terminus  of  NSI  and  the  downstream  protein  NS2a 
occurred  when  the  complete  NS2a  was  present.  Recombin¬ 
ant  viruses  containing  NSI  plus  15  or  49%  of  NS2a  pro¬ 
duced  proteins  larger  than  authentic  NSI ,  indicating 
that  the  cleavage  between  NSI  and  NS2a  had  not  oc¬ 
curred.  Failure  of  cleavage  was  not  corrected  by  co- 
infection  with  a  recombinant  virus  capable  of  cleavage. 
These  results  suggest  that  NS2a  may  be  a  cis-acting 
protease  that  cleaves  itself  from  NSI,  or  NS2a  may  pro- 
provide  sequences  for  recognition  by  a  specific  cellu¬ 
lar  protease  that  cleaves  at  the  NSl-NS2a  junction. 
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CHIMERIC  HEPATITIS  B  VIRUS  CORE  PARTICLES  CONTAINING 
DENGUE-2  ENVELOPE  PROTEIN  EPITOPES  INDUCE  DENGUE 
VIRUS  NEUTRALIZING  ANTIBODY 

C.J.  Chang,  D.W.  Trent,  A.R.  Hunt,  A.J.  Johnson, 
J.T.  Roehrig,  and  B.E.  Clarke 

Div.  of  Vector-Borne  Viral  Diseases,  Centers  for 
Disease  Control,  Fort  Collins,  CO  and  Wellcome 
Biotech,  Kent,  U.K. 

Defining  major  immunodominant  regions  of  the 
dengue  (DEN)  virus  envelope  glycoprotein  has 
facilitated  development  of  flavivlrus  subunit 
vaccines#  Immune  responses  were  elicited  with  free 
synthetic  peptides  derived  from  the  amino  acid 
sequence  of  the  DEN  virus  envelope  glycoprotein 
administered  in  Freund's  complete  adjuvant.  However, 
because  the  imounogenlcity  of  the  free  peptides  was 
much  lower  that  of  the  whole  virus,  we  constructed 
chimeric  hepatitis  B  virus  core  particles  ( HGcAg) 
into  which  DEN  virus  envelope  protein  epitopes  were 
engineered  into  the  amino-terminal  end  of  the  core 
protein.  Six  DEN-2  amino  acid  sequences,  repre¬ 
senting  antigenlcally  important  epitopes  In  the  R1 , 
R2,  and  R3  domains  of  the  envelope  protein  were 
engineered  into  HBcAg.  Outbred  and  inbred  mice 
immunized  with  purified  chimeric  HBcAg  produced 
antibodies  that  reacted  by  ELISA  with  DEN-2  virus 
and  synthetic  peptide  equivalents  of  the  Inserts. 
Antibodies  produced  to  the  chimeric  particle  which 
contained  the  DEN  envelope  sequence  from  amino  acid 
35  through  55,  neutralized  virus  lnfectivity 
in  vitro.  DEN  virus  envelope  protein  epitopes 
presented  on  the  surface  of  the  HBcAg  are  extremely 
immunogenic  and  potentially  useful  as  subunit 
vaccines  for  prevention  of  flavivlrus  dlser.se. 
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DEFINITION  AND  TRANSLATION  OF  THE  FLAVIVIRUS 
POLYPROTEIN 

E.G.  Westavay*,  G.  Cola,  G.  Speight  and  C.R.  Parrish. 
Dspt.  of  Microbiology,  Monaah  University,  Ha 1 bourn* , 
Australia . 

Tha  single  long  open  reading  frame  of  the 
flavivlrus  genomic  RNA  codas  for  a  polyprotein  of 
about  3400  amino  aclda.  By  nucleotide  sequencing  of 
cloned  cONA  of  Kunjin  (KUN)  virus  end  N-terminal 
jaino  acid  sequencing  of  Infected  cell  products,  we 
have  positively  identified  all  tha  ancodad 
polypeptidaa  and  defined  the  gene  order 
5 1 -C .prM. E. NS  1 . NS2A.  NS28.NS3. NS4A.NS4B.NS5-3 ' , 
Including  the  boundaries  of  all  10  genes.  The 
C^prM+E  cleavages  occur  via  a  signal  peptidaea.  Tha 
raaaining  cleavages  occur  at  two  consensus  sites 
common  to  all  f lavlvirueaa :  Val-X-Alai  pracadlng 
NS1.NS2A  and  NS4B,  and  a  aits  containing  two  basic 
amino  acids  (defined  originally  by  C.  Rica  and 
colleagues)  preceding  NS2fi.NS3.NS4A  and  NSS.  The 
proteases  remain  unidentified. 

Recombinant  vaccinia  viruses  (recW)  containing 
KUN  virus  genes  expressed  the  structural  proteins  prH 
and  E  and  tha  nonetructural  proteins  NS1.NS3  and  NS 5 
(shown  by  lmmunof luorascencs ) .  Tha  single  gens 
products  NS 3  and  NSS  wars  each  radlola belled  in  cells 
Infected  with  the  corresponding  recWi.  Multigene 
sxprsssion  from  cDNA  of  NS 3  H»NS5  was  detected  only 
as  a  full  length  labelled  product  In  polyacryiaaide 
gels.  Radlola belled  E  was  cleaved  correctly  when 
expreeeed  from  tha  cM*  sequence  C-aNS2B,  either  in 
recW  inf  acted  celle  or  during  In  vitro  tranalation 
from  SP6  poi ymeraaa  tranecrlpte  with  membrane#  added. 
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r22Ay?6Jl5^^^EUTRALiZATION  EPITOPES  IN 
THE  GLYCOPROTEINS  OF  SINDBIS  VIRUS  BY 
ANALYSIS  OF  ANTIBODY  ESCAPE  VARIWTS  BY 
ilfJa®’  SJra,uss  •  .A)aa  L  Schmaliohn2,  David  S. 
rllS  iSJl  JaTe%  HL  Strauss1;  iDiv.  of  Biology, 
Calif  Inst,  of  Tech.,  Pasadena,  CA  91125; 
Virology  Div..  US  AM  R II D,  Fort  Dotrick,  Frederick. 
wP-  ,?!Z0J'  .3D,ept.'  .?,JMlCf0-  and  Immun.,  U.  ot 
htarytend  School  of  Medicine,  Baltimore,  MD  21201. 

been  int6rest0d  In  localizing  the 
SuSSSuX.  e9,1f°Ws  °.n  the  glycoproteins  of  an 
alphavlrus,  S  ndbis  virus,  which  are  involved  in 
virus  neutralization.  A  panel  of  neutralizing 
?inH»viona 1  .^bodies  (MAbs)  were  used  to  select 
filtihnrfiol1 nar s  l*hlc^  no  longef  reacted  with  the 
T°i  oca  ,za  - lha  ahtigenic  epitopes 
°"  fllycoprotem  E2,  eight  resistant 
?*  ?a“  as  4  revertants  which  had 
fhSap?0dra^ct  yity,w]?5re  sequenced  throughout 
?n’ Jn  addlt'°n  A  Isolates,  selected  for 
resistance  to  an  anti-El  neutralizing  MAb  were 
?h^u«iiS?t  throughout  the  E2  and  El  regions.  All  of 
the  salient  changes  in  E2  occur  within  a  relatively 
small  region  between  amino  acids  181  and  216* 
?®a/thn  conserved  glycosylation  site.  Variants 
independently  isolated  for  resistance  to  the  same 

Slthnl^IhreMJAha6riiateted  'I  th0  Sama  amin0  acid, 
MAb.  50  selected  for  changes  at  two 
^'ttnront  residues.  Resistance  to  the  single 
-speci he  MA! b  resulted  from  changes  at  Gly-132 

?heElittn<=  8nf  e(rhAr9  °r  GI,u-  Reversion  occurred  at 
the  sites  of  the  original  mutations,  but  did  not 
always  restore  the  parental  amino  acid. 
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A  COMMON  LEADER  SEQUENCE  IS  SPLICED  10  ALL  SI  bOENGMIC 
RNAs  OF  EQUINE  ARTERITIS  VIRUS. 

Tv.ac  »K-  Vri»,'«,  tv;  an  Chirnside*,  Pater  Bredeubeek  and 
Wi  1  i\  Spam: . 

Instiiuie  of  Virology,  Irmersity  of  Utrecht,  Th»» 

Nether  lands . 

Daring  the  replication  of  equine  arteritis  virus 
{ EA\  ) ,  t>  intracellular  subgeiiomic  RNAs  are  sunthesised 
by  processing  of  genome  length  precuisor  RNA.  S«que::r:e 
and  northern  blot  analysis  indicated  that  the  viral  RNAs 
torm  a  3 '  cotcraiinul  nested  set,  similar  in  organisation 
to  coronaviral  RNAs.  Oligonucleotide  hybridisation 
analysis  and  primer  extension  experiments  showed  (hat 
i  he  smallest  RNAs  (RNA  0  and  !i)  are  not  col  i near  k 1 1 !. 
the  3' «nd  of  the  genome.  Sequence  analysis  of  cDNt 
clones  derived  from  total  intracellular  RNA  revealed  a 
loader  sequence  of  208nt  at  the  S'ends  of  RNAs  5  and  (• . 

A  loader  specific  probe  hybridised  in  colony  blots  to  a 
(.  to:."*  mapped  to  the  'j  '  end  of  the  genome  and  in  northern 
blots  to  each  subgenomic  RNA.  Sequence  analysis  c!  t  h  ** 
Vend  of  the  genome  positively  identified  it  as  ( lu 
origin  of  the  leader  sequence*;  the  sequence  at  the  3'*n<! 
•it  the  leader  (Al’CUCI'A)  and  ol  an  area  50»t  downst  r«*.»r. 
(Ul'UGGAGCO)  are  almost  identical  to  the  sequence  of  tl.** 
let  rahyntena  rRNA  b' splice  site  atid  internal  guiding 
sequence  respectively.  The  first  5  liuilwl: Jcs  IT'JA.V.'l 
of  the  b.d>  <1  EAV  RNAs  (j  and  S  or**  identical.  The  same 
Sequence  was  found  at  the  j'end  of  the  loader  sequence 
(at  (he  iVnd  of  the  ge»iom«‘/  and  just  up-sli-  am  *t  ‘-'HI  -»  '• 
and  a  on  the  genome.  These  data  Suggest  that  splicing 
multiple  internal  sites  produces  EAV  suhgeiiomi  >.  mkNAs 
with  a  common  5*  laud** r  se<juen* e . 


IN  VITRO  SYNTHESIS  OF  INFECTIOUS  VENEZUELAN  EQUINE 
ENCEPHALITIS  VIRUS  RNA  FROM  A  cDNA  CLONE:  ANALYSIS  OF 
A  VIABLE  DELETION  MUTANT 

N.L.  Davis*  ,  L.V.  Willis,  J.F.  Smith,  and  R.E.  Johnston 
Dept,  of  Microbiol  &  Immunol.,  UNC,  Chapel  Hill,  NC 
27599  and  Div.  of  Virol.,  USAMRIID,  Ft.  Detrick, 
Frederick,  MD  21701 

A  cDNA  clone  of  Venezuelan  equine  encephalitis  virus 
(VEE)  was  constructed  md  used  as  the  template  for  syn¬ 
thesis  in  vitro  of  infectious  RNA  genomes.  A  T7  promoter 
directed  RNA  synthesis  to  begin  at  a  C  residue  followed 
by  the  exact  5'-terminus  of  the  VEE  genome.  Transcripts 
were  specifically  terminated  just  beyond  the  poly  (A) 
tract  by  using  templates  digested  at  a  unique  Not  I 
site  in  this  region.  RNA  transcripts  of  the  cDNA  clone, 
but  not  the  clone  itself,  were  able  to  initiate  a  pro¬ 
ductive  infection  of  DEAE  dextran-treated  chicken  embryo 
fibroblasts  (CEF).  VEE  antigens  were  demonstrated  in 
RNA-trans fected  cells,  anJ  supernatants  from  transfected 
cultures  contained  infectious  virus  particles.  The  cDNA 
clone  lacked  102  nucleotides  of  th„  »£E  genome  sequence. 
The  deletion,  which  also  was  present  in  the  genomes 
of  progeny  virions  derived  from  the  clone,  did  not  appear 
to  affect  growth  in  cultured  CEF,  baby  hamster  kidney 
or  Vero  celLs,  or  the  virulence  of  progeny  virions  in 
mice.  The  site  of  the  deletion  was  mapped  to  the  3'-end 
of  the  nsp3  gene  by  comparison  to  other  alphavirus 
sequences.  In  this  region,  the  VEE  genome  sequence  in¬ 
cludes  two  tandem  102-nucleotide  repeats  which  can  be 
arranged  in  a  stable  stem  and  loop  structure.  The  se¬ 
quence  remaining  in  the  deleted  clone  retains  one  copy 
of  the  duplicated  sequence  and,  in  addition,  faithfully 
preserves  a  portion  of  the  predicted  stem. 
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ANALYSIS  OF  THE  ROLE  OF  ICR-LIKE  SEQUENCES  IN 
SYNTHESIS  OF  (  +  )  STRAND  GENOMIC  RNA 
Loren  E.  Marsh*,  Gregory  P.  Pogue  and  Timothy  C.  Hall, 
Department  of  Biology,  Texas  A&M  University,  College  Station, 
Texas  77843-3258 

The  genomic  RNAs  of  BMV  (brome  mosaic  virus)  possess 
sequences  at  their  5’  termini  which  resemble  the  internal 
promoters  of  eukaryotic  tRNAs.  These  sequences  are  found  as 
two  blocks  corresponding  to  the  ICRs  (internal  control  regions) 
1  and  2  (also  called  A  and  B  boxes)  of  tRNA  genes.  In 
comparison  with  the  tRNA  consensus  sequence,  the  5’  ICR2  or 
B  box  like  sequence  is  well  conserved  on  BMV  RNAs  1  and  2, 
whereas  the  5'  ICR-like  sequences  are  not  as  conserved  on 
genomic  RNA3.  However  genomic  RNA3  also  possesses  two 
internal  regions  of  ICR-like  sequences  with  the  more  conserved 
ICR2-like  sequence  found  in  the  intercistronic  region.  In  order 
to  study  the  role  of  the  ICR-like  sequences  of  RNAs  1  and  2  in 
(  +  )  strand  RNA  synthesis,  a  deletion  mutant  (or  ARNA2)  of 
RNA2  has  been  used  which  replicates  analogously  to  RNA3  in 
requiring  the  presence  of  wild  type  RNAs  1  and  2. 
Oligonucleotide  site  directed  mutagenesis  bas  been  utilized  to 
make  specific  deletions  and  substitutions  in  cloned  cDNAs  from 
which  infectious  RNAs  can  be  transcribed  in  vitro.  Such 
deletions  indicate  that  the  5'  ICR2-like  sequences  of  RNA2 
make  a  significant  contribution  to  (+)  strand  RNA  synthesis. 
Similar  deletions  have  also  been  made  on  genomic  RNA3.  In 
contrast  with  that  of  RNA2,  the  5’  ICR2-like  sequences  of  RNA3 
do  not  appear  to  contribute  significantly  to  (  +  )  strand  RNA 
synthesis.  Instead  the  more  conserved  intercistronic  ICR2-like 
sequence  appears  to  make  a  greater  contribution  to  ( + )  strand 
RNA  synthesis. 
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INFLUENCE  OF  3’  TERMINAL  MUTATIONS  ON  IN  VIVO 
REPLICATION  OF  BROME  MOSAIC  VIRUS  RNA2. 

A.L.N.  Rao*.  B.P.  Sullivan  and  T.C.  Hall.  Department  of  Biology,  Texas 
A&M  University,  College  Station,  Texas  77843-3258,  U.S.A. 

Each  of  the  four  virion  RNAs  of  brome  mosaic  virus  (BMV)  possess 
a  tRNA-like  structure  at  the  3'  end  which  is  responsible  for  the  specific 
tyrosylation  of  the  3’CCAqu  terminus.  Additionally  this  structure 
interacts  with  host  nucleotidyltransferase  and  functions  as  the  promoter 
for  initiation  of  (-)  strand  synthesis.  In  order  to  elucidate  the  role  of 
tRNA  mimicry  in  viral  replication,  we  have  introduced  several 
modifications  encompassing  the  entire  tRNA-like  region  and  identified 
a  valuable  pool  of  mutants  that  can  be  subjected  to  in  vivo  analysis. 
Three  mutant  sequences  (5’PsK,  5V3'P»K  andAKnob),  previously  been 
characterized  to  be  defective  in  one  or  more  tRNA  associated  activities, 
have  now  been  analyzed  for  their  effect  on  in  vivo  replication  of  BMV 
RNA2  that  is  integral  to  the  life  cycle  of  the  virus.  Capped  full  length 
mutant  RNA2  transcripts  synthesized  in  vitro  were  mixed  with  wild 
type  transcripts  of  RNA  I  and  RNA3.  When  inoculated  to  barley 
protoplasts,  ail  RNA2  mutants  replicated  very  poorly  (>5%)  but  did  not 
interfere  with  replication  and  accumulation  of  other  RNA  components. 
Additional  experiments  with  protoplasts  confirmed  that  the  factor 
encoded  by  RNA2  acts  in  trans  and  is  only  required  in  catalytic 
amounts.  Inoculation  of  mutant  transcripts  to  Chenopodium  hvbridum 
induced  necrotic  local  lesions  characteristic  of  wild  type  BMV  infection. 
To  verify  the  progeny  RNA2  in  each  mutant  infection,  single  lesions 
were  isolated  and  propagated  in  barley  plants.  Sequence  analysis  of 
progeny  RNA2  indicated  that  input  mutations  were  restored  to  wild 
type  sequences  derived  from  3*  homologous  region  of  RNA3, 
presumably  by  recombination  events. 
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INFECTIOUS  RNA  FROM  A  FULL-LENGTH  cDNA  CLONE 
OF  CUCUMBER  NECROSIS  VIRUS.  D.M.  Rochon. 

Agriculture  Canada  Research  Station,  Vancouver, 

B.C.  CANADA  V6T  1X2. 

Cucumber  necrosis  virus  (CNV),  a  tombusvirus, 
is  a  simple  spherical  virus  ca.  30  nm  in  diameter 
which  contains  a  positive  polarity  RNA  genome 
4.7  kb  in  length.  Virion  RNA  is  probably  capped 
at  the  5'  terminus  and  lacks  a  3'  poly(A)  tail. 

The  complete  genomic  sequence  of  CNV  has  been 
determined.  A  full-length  DNA  copy  of  CNV  was 
constructed  and  placed  downstream  from  the  T7 
promoter  in  the  phagemid  Bluescribe  {Stratagene) . 
Transcription  using  T7  RNA  polymerase  resulted 
in  transcripts  which  were  infectious  when  inoculated 
to  several  CNV  hosts.  Infectivity  estimates 
using  the  local  lesion  host  Chenopodium  amaranticolor 
showed  that  capped  synthetic  CNV  transcripts 
were  ca.  0.5%  as  infectious  as  natural  virion 
RNA.  Virus  derived  from  plants  inoculated  with 
the  synthetic  transcripts,  however,  was  as  infectious 
as  the  authentic  virus.  The  5'  and  3'  termini 
of  the  synthetic  transcripts  contain  4  and  1 
additional  non-viral  nucleotides,  respectively. 
Experiments  are  in  progress  to  determine  if 
infectivity  of  the  synthetic  transcripts  can 
be  improved  oy  removal  o*  5*  non-vi rai  nucleotides. 


P  7 


GENOME  STRUCTURE  AND  EXPRESSION  OF  BERNE  VIRUS. 

THE  PROTOTYPE  TOROVIRUS. 

Eric  J.  Sni Jder* ,  Johan  A.  den  Boon,  Willy  J.  M. 
Spaan  and  Marian  C.  Horzinek. 

Inst,  of  Virology,  Vet.  Fac.,  St.  Univ.  of  Utrecht, 
Yaielaan  1,  3384  CL  Utrecht,  The  Netherlands . 

Berne  virus  (BEV)  is  the  prototype  of  •  newly 
proposed  family  of  positive-stranded  animal  RNA 
viruses,  the  Toroviridae.  The  BEV  genome,  a  poly- 
adenylated  RNA  molecule  of  25-30  kb,  is  surrounded  by 
a  tubular  nucleocapsid  and  a  peplomer-bearing 
envelope.  In  BEV-infected  cells  a  genome-sized  RNA 
and  4  subgenomic  viral  RNAs  are  synthesized.  Northern 
blot  analysis  showed  that  the  BEV  mRNAs  form  a 
3 ’ -coterminal  nested  set.  In  vitro  translation  of 
purified  BEV  mRNAs  and  sequence  analysis  of  mRNA- 
derived  cDNA  clones  revealed  the  gene  order  5’- 
polymerase  -  peplomer  protein  -  small  envelope 
protein  -  nucleocapsid  protein  -  3’  along  the  genome. 

UV  transcription  mapping  data  demonstrated  that 
the  BEV  RNAs  are  transcribed  independently.  By  primer 
extension  and  oligonucleotide  hybridizations  the 
smallest  BEV  RNA  (5)  was  found  to  be  contiguous  on 
the  consensus  sequence.  The  nucleotide  sequence 
surrounding  the  potential  transcription  Initiation 
site  shows  a  high  degree  of  similarity  to  sequences 
upstream  of  other  ORFs.  This  suggests  the  presence  of 
four  subgenomic  RNA  promoters  on  the  template. 

Except  for  the  polymerase  gene  product  (see 
abstract  P.J.  Bredenbeek  et  si.),  no  amino  acid 
similarities  between  toro-  and  coronavirus  gene 
products  were  observed.  Hence,  our  data  on  the 
toro.  irus  gero_e  sUucture  justify  the  proposal  of  a 
new  virus  family  (Horzinek  (1987);  Intervirology  27j 
17-24). 
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NUCLEOTIDE  SEQUENCE  OF  THE  3*  TERMINAL  REGIONS 
OF  TOMATO  RINGSPOT  VIRUS  RNA-1  AND  RHA-2.  M.E. 

Rott,  J.H.  Tremaine  and  D.M.  Rochon*.  Agriculture 
Canada  Research  Station,  Vancouver,  B.C.  CANADA 
V6T  1X2. 

Tomato  ringspot  (TomRSV)  is  a  member  of  the 
nepovirus  group  which  forms  part  of  the 
picornavirus-like  superfamily.  Both  genomic 
components  of  the  bipartite  TomRSV  were  cloned 
and  partially  sequenced.  The  nucleotide  sequences 
were  determined  of  ca.  2.5  kb  and  5.5.  kb  at 
the  3'  ends  of  RNA-1  and  RNA-2,  respectively. 
Comparisons  of  the  3'  proximal  nucleotide  sequences 
of  RNA-1  and  RNA-2  demonstrated  near  identity 
over  an  extended  region  (1534  of  1535  nt). 

The  shared  regions  were  devoid  of  long  open 
reading  frames  and  thus  are  unlikely  to  have 
coding  functions.  The  sequences  in  RNA-1  and 
RNA-2  upstream  from  the  shared  regions  each 
contained  a  single  long  open  reading  frame. 

The  deduced  amino  acid  sequence  in  RNA-1  showed 
strong  similarity  with  the  putative  replicases 
of  picorna-like  viruses.  A  portion  of  the  upstream 
sequence  in  RNA-2  showed  amino  acid  sequence 
similarity  with  the  coat  protein  of  the  nepovirus 
tomato  black  ring.  The  region  upstream  from 
the  putative  TomRSV  coat  protein  contained  two 
sets  of  direct  repeats  which  preserved  the  single 
long  open  reading  frame  in  RNA-2.  Efforts  are 
being  made  to  complete  the  sequence  and  structure 
of  the  TomRSV  genome. 
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SEQUENCE  OF  THE  NONSTRUCTURAL  PROTEINS  OF 
TICK-BORNE  ENCEPHALITIS  VIRUS  (WESTERN 
SUBTYPE)  AND  COMPARATIVE  ANALYSIS  WITH 
OTHER  FLAVIVIRUSES 

Christian  W.  Mandl*  ,  Frar -  X.  Heinz. 
Elisabeth  StOckl  and  Christian  Kunz. 
Institute  of  Virology,  University  of  Vienna 
(Austria) 

Tick-borne  encephalitis  (TBE)  virus 
(Western  subtype  vaccine  strain  Neudoerfl) 
was  cloned  and  the  nucleotide  sequence 
coding  for  all  r.onstructural  proteins 
(approximately  8  kb)  was  determined.  The 
amino-termini  of  the  individual  proteins 
were  assigned  by  comparison  with  other 
flavivirus  sequences.  Amino  acid  homology 
calculations  between  TBE  virus  and 
mosquito-borne  flaviviruses  were  performed 
for  all  nonstructural  proteins.  An 
evolutionary  tree  based  on  protein  NS1  Is 
presented  that  reveals  the  molecular  basis 
of  relationships  among  f lavlviruaes .  Tick- 
borne  and  mosquito-borne  flaviviruses  share 
a  common  hydrophil icity  profile  and  also 
other  features  of  their  primary  sequences, 
such  as  the  presumably  functional  Gly-Asp- 
Asp  sequence  element  within  protein  NS5. 
Other  characteristcs ,  such  as  the  potential 
N-glycoaylation  sites  of  protein  NS1  and  a 
potential  proteolytic  cleavage  site  within 
protein  NS4B,  are  conserved  within  the 
mosquito-borne  group,  but  differ  in  the  TBE 
virus  sequenoe. 
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CIS-ACTING  ELEMENTS  INV0LVE0  IN  REPLICATION  OF 
ALFALFA  MOSAIC  VIRUS  RNAs. 

A.C.van  der  Kuyl,  L.Neeleman,  F.Dankerlui,  C.J.Houwing, 
E .M.J. Jaspers  and  J.F.Boi. 

Leiden  University,  Biochem.  Dep.,  Einsteinweg  5, 

2300  RA  Leiden,  The  Netherlands. 

The  genome  of  alfalfa  mosaic  virus  consists  of  3 
RNA  molecules.  Coat  protein  is  translated  from  a 
subgenomic  mRNA  (RNA4)  derived  from  RNA3 .  An  RNA- 
dependent  RNA-pol ymerase  (RdP.p) ,  isolated  from  infected 
bean  plants,  specifically  initiated  (-)RNA  synthesis 
on  a  (+) RNAL  template  and  RNA4  synthesis  on  a  (-) RNA3 
template  in  an  in  vitro  assay.  Using  T7-transcr i pts  of 
mutated  cDNA3  as  template,  the  RdRp  recognition  sites 
involved  in  the  initiation  of  (-) RNA  and  (+) RNA 
synthesis  were  identified.  Surprisingly,  the  extreme 
3' 'ends  of  (+)RNA  templates  are  not  involved  in  this 
recogni t ion. 

Transcripts  of  cDNAs  2  and  3  were  infectious  and 
permitted  a  study  of  the  RNA  repl i cation  in  vivo. 

The  results  differ  substantially  from  those  obtained 
with  brome  mosaic  virus. 
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CLONING  AND  CHARACTERIZATION  OF  THE  HOG  CHOLERA 

VIRUS  IN  AN  EXPRESSION  VECT0R? 

iMuyl dermans  G.,  Obviar  l.,/ Caij  A.,  ^Dubois  N.  , 

De  Smet  A.,  Cornel  is  P.,  "Koenen  F.,  IHamers  R. 

1.  Vrije  Universiteit  Brussel,  Paardenstraat  65, 

1640  Sint-Genesius-Rode 

2.  Nationaal  Instituut  voor  Diergeneeskundig 
Onderzoek,  Groeselenberq  99,  1180  Brussel 

Hog  Cholera  Virus  was  obtained  and  concentrated 
100  times  by  ultrafiltration  (Mil  1 ipore)  of  the  spentD 
medium  of  HCV  infected  PK-15  cells  orown  in.O'todex  3K 
microcarrier  givinn  a  final  titer  of  5  x  10IOTCIDt.n/ml  . 
The  RNA  was  extracted  usina  the  hot  phenol/nuanidTnium 
method  and  was  used  as  template  for  the  synthesis  of 
complementary  DNA  by  the  method  of  Gubler  &  Hoffmann. 
The  cDNA  was  cloned  into  the  vector  arms  of  *  ... 
usinn  EcoRI  linkers  and  recombinant  phaaes  nr8wn  in 
E.  coli  Y1090  were  screened  with  porcine  hyperimmune 
serum  against  HCV(  B.  Liess,  Hannover,  FRG) 
using  the  biotinylated  proteirA  -  streptavidin  horse¬ 
radish  peroxidase  system.  Four  out  of  50,000  plaques 
screened  reacted  positively  to  the  serum.  Each  of  the 
recombinant  phages  contained  an  insert  of  less  than 
300  bp  Which  hybridized  specifically  with  a  hiqh  mole¬ 
cular  weight  RNA  band  in  a  Northern  blot  with  RNA  from 
HCV-infected  PK-15  cells.  Crude  protein  extracts  were 
prepared  from  E.  coli  Y1089  lysogens  and  the  fusion 
proteins  were  purified  by  anti/J-galactosidase  iimuno- 
affinity  adsorption.  The  purified  fusion  protein 
reacted  positively  to  HCV  antisera  but  not  negatively 
to  Bovine  Viral  Diarrhea  Virus  antisera 


VARIABILITY  AND  EVOLUTION  OF  FIELD  ISOLATES  OF  PLANT 
RNA  VIRUSES. 

Emilio  Rodriguez-Cerezo  C 1 ) ( • ) ,  Santiago  F. Elena  (2), 
Andr6s  Moya  (2)  and  Fernando  Garcla-Arenal { 1 ) . 

(l)Dpto.  de  Patologla  Vegetal,  E.T.S.I.  Agr6nomoB, 

28040  Madrid,  Spain,  and  (2)  Laboratorio  de  Gen6tica, 
Facultad  de  Biologla,  46100  Burjassot,  Valencia, Spain. 

Quantitative  studies  on  the  genetic  variation  of 
plant  RNA  viruses  are  very  scarce,  in  spite  of  their 
theoretical  and  applied  importance.  We  report  here  on 
the  genetic  variability  and  evolution  of  field  isolates 
of  the  plant  RNA  virus  U5-TMV  naturally  infecting  the 
wild  plant  Nicotiana  glauca  Grab.  The  populations  v- '  u- 
died  were  composed  of  a  high  number  of  haplotypes,  that 
seemed  to  be  selectively  neutral  according  to  Ewen  - 
Watterson's  teat.  Two  main  features  are  found  regarding 
U5-TKV  evolution:  1st)  there  is  no  correlation  between 
genetic  proximity  of  isolates  and  geographic  proximity 
of  the  sites  from  which  they  were  obtained;  2nd)  the 
estimated  divergence  among  haplotypes  is  low, and  valuer 
are  maintained  no  matter  the  scale  of  the  distance  be¬ 
tween  the  sites  from  which  the  i Bolster  come.  No  compa¬ 
rable  studies  have  been  done  with  a  plant  RNA  virus, 
and  these  two  features  seem  to  be  unique  for  this  sys¬ 
tem  as  compared  with  other  RNA  virusep 

The  distribution  of  the  observed  genetic  variation 
on  the  different  regions  of  the  genome  has  been  studied 
in  an  attempt  to  understand  the  functional  significance 
of  this  evolutionary  model.  Conserved  and  variable  do¬ 
mains  were  found  not  correlating  with  viral  genes. 
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TORO-  AND  CORONAVIRUSES:  A  NEW  SUPERFAMILY  OP 
POSITIVE  STRANDED  RNA  VIRUSES. 

Peter  J.  Bredenbeek*.  Eric  J.  Snijder,  Ana  F.  U. 
Notan,  Johan  A.  den  Boon,  Marian  C.  Horzinek  and 
Willy  J.  M.  Spaan.  Inst,  of  Virology,  State  Univ. 
of  Utrecht,  Yalelaan  1,  3584  CL  Utrecht,  The 

Netherlands . 

Toro-  and  coronaviruses  both  are  enveloped 
po9itive-stranded  RNA  viruses  containing  a  large 
genomic  RNA  (25-30  kb).  Similarities  between  both 
vlrusfamllies  in  genome  organization  such  as  the 
order  and  the  types  of  genes  along  the  genome  and 
the  presence  of  multiple  subgenomic  RNAs  have 
recently  been  established.  Besides  these  common 
features  there  are  significant  differences  in  the 
replication  strategy  of  both  virus  families  (see 
abstract  E.  J.  Snijder  et  al . ) . 

The  polymerase  (pol)  gene  of  IBV  is  the  only 
coronaviral  pol  gene  whose  sequence  has  been 
published  (Boursnell  et  al.,  J.  Gen.  Virol.  68, 
57-77);  no  torovirus  sequences  have  yet  been 
published.  Recently  we  have  eequenced  e  substantial 
part  of  the  poi  genes  of  tht  coronavirus  MHV-AS9 
and  the  torovirus  BEV.  The  MHV  sequence  revealed  et 
least  two  ORPs.  In  contrast  to  the  ebeence  of  any 
noticeable  coneervetion  in  the  amino  acid  sequence 
of  the  first  ORP  of  the  pol  gene,  the  predicted 
amino  acid  eaquence  of  the  second  ORP  was  well 
conserved  between  KHV  end  IBV.  Comparison  of  the 
predicted  amino  acid  sequence  from  the  3*  part  of 
the  pol  gene  of  BEV  with  the  product  encoded  by 
0RF2  of  the  coronavirus  pol  gene  revealed  etrlking 
similarities.  These  data  eeem  to  Juatify  the 
classification  of  toro-  and  coronaviruses  into  e 
new  super family . 
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MOLECULAR  CLONING  AND  EXPRESSION  OF  A  RNA-DEPENDENT 
RNA  POLYMERASE  OF  PLUM  POX  VIRUS  IN  ESCHERICHIA  COU 


G  Himmler,  F  Regner,  H.  Steinkellner.  D.  Mattanovich  and  H  Katinger 


Instftut  fur  Angewandle  Mikrobiologie.  Peter-JordansfraBe  82,  A-1190 

Wien.  Austria 


The  complete  nucleotide  sequence  of  Plum  Pox  potyvirus  (PPV) 
shows  one  single  open  reading  frame,  coding  for  a  protein  of  Mr 
354  kD1.  The  amino  acid  sequence  shows  similarities  to  other 
viruses  with  different  degree  of  homology,  depending  on  the  re¬ 
spective  genes. 

The  predicted  amino  acid  sequence  of  the  Nlb-Iike  region, 
located  adjacent  to  the  coat  protein  (at  the  C-terminus2  )at  the  po¬ 
lyprotein  shows  homologies  of  61.3%  to  the  respective  protein  of 
Tobacco  Vein  Mottling  Virus  and  55%  to  that  of  Tobacco  Etch 
Virus.  A  typical  polymerase  sequence  motif  , 
RYFVNGDDLVLAV,  can  be  identified  in  this  protein.  To  iden¬ 
tify  the  function  of  this  Nlb-like  protein  we  have  cloned  the  gene 
into  the  E.  coli  expression  vectors  and  purified  the  recombinant 
protein 


2 

3 
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MOLECULAR  CLONING  OF  DEFECTIVE-LIKE  RNA  OF  T WO 
HORDE  I V  I  RUSES 

P.0.  Nagy,  Plant  Protection  Institute,  Hung. 
Arad.  Sci . .  Budapest,  P.O.Box  lo2,  H-1525 
Hungary 

Hordei v i ruses ,  type  member  is  barley 
stripe  mosaic  virus  (BSMV),  have  three  genomic 
RNAs  which  are  encapsidated  separately  in  rod- 
shaped  virions.  One  strain  of  B5MV  contains  a 
defective  RNA  (RNA  4),  which  is  originated  from 
RNA  3  (McFarland  et  al. ,  1903). 

We  found  a  similar,  extra  RNA  (RNA  4)  in 
purified  virions  of  two  other  hordeivirus  iso¬ 
lates,  i.e.  the  Type  strain  of  poa  semilatent 
virus  (PSLV)  and  Ml-Da2  strain  of  lychnys  ring- 
spot  virus  (Ml-Da2).  Genomic  RNAs  as  well  as 
RNA  4  of  both  viruses  were  isolated  and  then 
copied  into  cDNA  and  cloned  into  pUC  10.  Clones 
corresponding  to  each  RNA  were  identified. 

Northern  blot  analysis  of  encapsidated 
RNAs  of  both  viruses  showed  that  their  RNA  4 
is  not  originated  from  RNA  3,  as  in  the  case 
of  BSMV.  Clones  of  RNA4  of  Ml-Da2  hybridized 
only  to  RNA  2  and  4,  but  net  to  1  & 3 .  RNA  4  of 
PSLV  was  found  to  show  great  sequence  homology 
with  RNA  1  or  2  (RNA  142  are  poorly  resolved 
by  denaturing  agarose  gel  electrophoresis), 
but  not  to  RNA  3. 
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THE  5’ -TERMINUS  OF  MURRAY  VALLEY  ENCEPHALITIS  VIRUS  RNA 
IS  CONSERVED  AND  FORMS  A  STABLE  SECONDARY  STRUCTURE. 
R.J.  Coelen  and  J.S.  Mackenzie.  Department  of 
Microbiology,  University  of  Western  Australia, 

Nedlands,  Perth  6009,  Australia. 

The  5*  non-coding  region  of  the  genomes  of  11  isolates 
of  Murray  Valley  encephalitis  virus  (MVE)  from  Aust¬ 
ralia  and  Papua  New  Guinea  were  examined  by  primer  ex¬ 
tension  sequencing.  It  was  found  that  the  5‘  non- 
coding  region  of  all  isolates  was  highly  conserved. 

The  two  isolates  from  Papua  New  Guinea  contained  an 
extra  uridine  residue,  nominally  positioned  after 
nucleotide  54,  which  was  absent  from  all  but  one  of  the 
Australian  isolates  tested.  This  Isolate  (OR  156)  con¬ 
tained  a  further  uridine  residue  at  the  same  site.  It 
should  be  noted  that  OR  156  and  the  two  Papua  New 
Guinean  Isolates  have  been  shown  to  be  at  least  IX 
divergent  in  other  areas  of  the  genome  (NS1  and  E) . 

None  of  the  changes  found  in  the  5’  non-coding  region 
appreciably  altered  tne  predicted  secondary  structure. 
It  is  noteworthy  that  none  of  the  ilavlvtruses  examined 
to  date  possess  the  consensus  sequence  surrounding  the 
initiator  codon  (GCC(A/G)CCAUGG  which  has  been  found  in 
most  eukaryotic  mRNAs  nor  do  they  possess  the  In  phase 
GCC  unit  upstream  from  AUG.  The  conservation  of 
secondary  structure  among  these  isolates,  and  flavi- 
vlruses  in  gen?ral,  suggests  that  structure  rather  than 
primary  sequence  may  be  important  for  the  initiation  of 
translation  with  these  viruses. 
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RNA  SYNTHESIS  OF  A  POLIOVIRUS  MUTANT  IN  VIVO 
AND  l£  VITRO 

Janet  Novak*  and  Karla  Kirkegaard 

Dept,  of  Molecular,  Cellular,  and  Developmental  Biologv; 
University  of  Colorado;  Boulder,  CO  80309-0347  USA 

3NC202,  a  temperature-sensitive  mutant  of  poliovirus 
with  an  Insertion  in  the  31  noncoding  region,  has  its 
primary  defect  in  RNA  synthesis  (Sarnow  et .  al.,  Proc . 
Natl.  Acad.  Sci.  USA,  83:571-575,  1986;  P.  Sarnow, 
personal  communication).  To  distinguish  positive  and 
negative  strand  synthesis,  strand-specific  probes  were 
hybridized  to  RNA  from  3NC202-inf ected  cells.  In 
comparison  with  control  samples  kept  at  the  permissive 
condition  of  32.5  C,  ceils  shifted  to  39.5°  C  several 
hours  post-infection  accumulated  nearly  normal  amounts 
of  positive  strand  RNA  but  little  negative  strand  RNA. 
Thus,  the  primary  defect  of  3NC202  is  in  negative  strand 
synthesis. 

To  study  the  specificity  of  poliovirus  RNA  replica¬ 
tion  in  vitro,  we  tested  whether  3NC202  negative  strand 
synthesis  ir*  vitro  was  temperature  sensitive.  Our 
In  vitro  system  used  highly  purified  poliovirus  RNA- 
dependent  RNA  polymerase,  partially  purified  terminal 
uridylyl  transferase  (TUTase),  and  a  virion  RNA  tem¬ 
plate.  TUTese  can  act  as  host  factor  for  negative 
strand  synthesis  in  vitro  by  adding  oligo(U)  to  the  3’ 
end  of  the  positive  strand,  allowing  a  hairpin  primer  to 
form.  We  quantified  RNA  synthesis  at  32.5°  and  39.5° 
from  mutant  and  wild-type  templates.  Over  a  range  of 
template  concentrations,  the  behavior  of  3NC202  was 
almost  identical  to  that  of  wild  type,  with  slightly 
leas  RNA  synthesized  from  both  templates  at  39. 5  . 

Thus,  this  iji  vitro  system  does  not  mimic  the  specifi¬ 
city  observed  in  vivo  for  3NC202  RNA  synthesis. 
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VARIANT  FOOT-AND-MOUTH  DISEASE  VIRUS  FROM 
PERSISTENTLY  INFECTED  CELLS. 

J.  Diez  J.C,  de  la  Torre1,  J.A.  Meiero^ 
and  E.  Domingo  . 

1- Centro  de  Biologla  Molecular  (CSIC-UAM), 
Univ.  AutOnoma  Canto  Blanco  28049  Madrid, 
Spain. 

2- Centro  Nacional  de  Microbiologla , 
Virologia  e  Inraunologla  Sanitarias. 
Majadahonda.  Madrid.  Spain. 

In  the  course  of  a  persistent  infection  of 
EHK-21  cells  with  foot-and-mouth  disease 
virus  (FMDV)  a  coevolution  of  the  cells  and 
the  resident  virus  occurs  (de  la  Torre  et 
al.  J.  Virol.  £2,  2050-2058,  1908).  We  have 
cloned  and  sequenced  the  structural 
protein -coding  region  r f  the  variant  virus 
dominant  after  100  passages  of  the  carrier 
cultures.  Several  amino  acid  substitutions 
were  fixed  in  VP1,  VP2  and  VP3, 
particularly  at  the  N-terminus  of  VP3.  The 
latter  have  been  confirmed  by  direct 
protein  sequencing  of  purified  VP3.  This 
variant  virus  shows  multiple  phenotypic 
alterations,  including  an  increased  ability 
to  overcome  a  restriction  imposed  by  the 
coevolved  host  cells. 
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•i-.RVCTVRAl  ANALYSIS  OF  NCDAML’RA  VIRUS  RNA2,  THE 
Mr.SSFN'.-ER  K-NA  FOR  THE  COAT  PROT-’N  PRECURSOR. 

R.  i'jsRupta*^  ,  J.  Y.  Sgrol,  P.  Kat^berg^.  d.  P.  Werv* 
and  .).  E.  Johnson*-*.  I.  Institute  for  Molecular 
Virology,  University  of  Wisconsin,  Madison,  WI  53706 
USA.  2.  Department  of  Biologi.al  Sciences,  Purdue 
University ,  West  Lafayette,  IN  47907,  USA. 

Nodamura  virus  (NOV),  originally  Isolated  from 
mosquitoes,  Is  the  type  member  of  the  family  of  insect 
viruses  called  Nodaviridae.  It  is  unique  among  the 
Nodavlrldae  In  its  ability  to  cause  fatal  infection  in 
vertebrates  as  well  as  in  insects.  Moreover,  NOV, 
unlike  other  closely  related  Nodavlruses,  does  not 
Infect  cultured  Drosophila  cells  and  does  not  show  any 
cytopachlc  effect  in  most  insect  cell  lines.  Trans¬ 
fection  of  NOV  RNAs  Into  Drosophila  cells  shows  that 
NOV  viral  RNA  synthesis  is  not  impaired.  This  suggests 
a  change  in  the  region  of  coat  protein  responsible  for 
interaction  with  the  host.  We  have,  therefore,  deter¬ 
mined  the  nucleotide  sequence  of  NOV  RNA2  and  compared 
It  with  the  known  sequence  of  black  beetle  virus  (BBV) 
RNA2  (Dasgupta  et  al.,  Nucl.  Acids  Res.  |_2,  721  5-7223 
(1984)].  The  deduced  amino  acid  sequence  was  compared 
and  mapped  relative  to  the  BBV  structure  obtained  by 
refinement  of  X-ray  crystal lographv  data  reported 
previously  [Hosur  et  al..  Proteins:  Structure,  function 
and  genetics  2,  157-176  (1987)).  The  results  show  an 
average  of  fifty  percent  difference  in  the  primary 
sequence  at  both  the  nucleotide  and  amino  acid  level. 
The  majority  of  the  amino  acid  difference  mapped  near 
the  outer  surface  of  the  BBV  virion,  a  possible  area 
for  interaction  with  the  cell  surface. 


HUMAN  RHIN0VIRUS  SEROTYPE  2: 

IN  VITRO  SYNTHESIS  OF  AN  INFECTIOUS  RNA 
M.  Duechler*.  T.  Skern,  D.  Blaas,  B.  Berger,  W. 
Sommergruberl  and  E.  Kuechler. 

•Institut  fur  Biochemie,  Wahrmger  Str.  17, 

1090  Vienna,  Austria  and  IEBI  fur  Arznei- 
mittelf  orschung ,  Or.  Ernst  Boehrmgerg.  5-11, 
1120  Vienna,  Austria 

A  strategy  for  the  synthesis  of  a  complete 
cDNA  copy  of  the  HRV2  genome  has  been 
developed;  this  cDNA  copy  was  placed  under  the 
control  of  a  T7  RNA  polymerase  promoter.  An  m 
vitro  transcribed  RNA  containing  two  extra  G 
residues  at  the  5’  end  gave  rise  to  plaques  on 
transfection  into  HeLa  cells.  The  efficiency 
was  approximately  half  that  obtained  with  viral 
RNA.  On  the  contrary,  an  in  vitro  synthesised 
RNA  containing  16  additional  nucleotides  at  the 
5*  end  was  not  infectious.  This  ability  to  make 
an  infectious  in  vitro  transcribed  RNA  will  te 
useful  in  studying  virus-receptor  interactions 
and  other  aspects  of  the  virus  life  cycle. 

The  use  of  site-directed  mutagenesis  to 
produce  viruses  with  altered  properties  will 
be  described. 
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We  were  Interested  In  screening  a  series  of  isolates 
the  protozoan  Lelshm.mla  for  the  presence  of  viruses. 
The  experimental  procedure  wo  used  was  based  on  an 
enzymatic  assay  originally  developed  for  viral  RNA- 
dependent  RNA  polymerases.  Simultaneously,  total 
promastlgote  nucleic  acid  preparations  were  analyzed 
for  the  presence  of  viral  genome  and/or  transcripts. 

Two  Isolates,  both  classified  as  1. .  braz  1 1  lens  Is 
guvanens is ,  were  found  to  be  positive  for  RNA  poly¬ 
merase  activity  and  to  carry  a  large  ( 5kl lobases )  RNA 
species.  The  polymerase  reaction  products  hybridized 
to  the  6  kb  RNA,  believed  to  be  the  viral  genome.  In 
conjunction  with  electron  microscopical  observations 
these  results  indicate  the  presence  of  an  RNA  virus  In 
these  Le ishraanla  Isolates.  Preliminary  evidence 
suggests  that  In  our  RNA  dependent  RNA  polymerase  assay 
we  are  making  primarily  plus  sense  RNA.  Although  we 
are  not  certain  of  the  polarity  of  our  virus,  given 
the  size  of  the  genome  and  the  other  evidence  we 
think  we  are  looking  at  a  new  plus  sense  RNA  virus. 
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NUCLEOTIDE  SEQUENCE  AND  GENOME  ORGANIZATION  OF  BROAD 
BEAN  MOTTLE  VIRUS;  SEQUENCE  HOMOLOGIES  '*» ITH  OTHER 
3 ROMOV IRISES. 

Aleksandra  M.  Dzianott  and  Jozef  J.  Bujarski 
Northern  Illinois  University,  Department  of  Biological 
Sciences  and  Plant  Molecular  Biology  Center,  Dekalb,  IL 
60115,  USA 

In  order  to  study  virus-encoded  functions  which  are 
involved  in  virulence,  host  range  and  other  plant-virus 
interactions,  we  do  interrelated  and  comparative  studies 
of  three  bromoviruses :  brome  mosaic  virus  (BMV),  cowpea 
chlorotic  mottle  virus  (CCMV)  and  broad  bean  mottle 
virus  ( BBMV ) . 

In  this  communication  we  present  the  complete 
sequence  and  genome  organization  of  BBMV.  Like  in  BMV 
and  CCMV,  the  BBMV  genome  is  composed  of  four  single- 
stranded  positive-sense  components.  The  length  of  BBMV 
RNAs  1  and  2  is  similar  to  that  for  BMV  and  CCMV, 
whereas  BBMV  RNA3  has  longer  5'end  noncoding  region 
and  longer  lnterc istronic  region.  The  RNAs  are  capped 
at  the  5’end  and  contain  a  tRNA-iike  structure  at  the 
i'  end.  Unlike  for  BMV,  CCMV  and  other  similar  viruses 
BBMV  subgenomic  RNA4  has  an  A  as  its  5'  terminal  nucleo¬ 
tide  suggesting  some  special  features  in  the  mechanism 
of  replication  of  BBMV  RNAs. 

Sequence  analysis  indicate  that  BBMV  RNAs  l  and  2 
are  sor.oc istronic  whereas  RNA3  is  dicistronic.  These 
data  agree  with  the  results  of  in  vitro  translation 
experiments . 

Sequence  homologies  among  analogous  RNA  components 
comprise  most  of  the  length  of  RNAl  and  2  in  three 
bromoviruses.  On  the  other  hand,  components  3  differ 
in  sequence  substantially. 
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SYNTHESIS  OF  TURNIP  YELLOW  MOSAIC  VIRUS  SUBGENOMIC  RNA 
IN  VIVO  AND  IN  VITRO  ;  COMPARISON  WITH  ALPHAVIRUSES . 

R .  GARGuUK I  * ,  R.L.JOSHI,  J.BOL*,  S . AST I ER-MAN IFAC IER* , 
M.D.  MTRCH  AND  A  L.  HAENNI.  Institut  Jacques  Monod,  2 
place  Jussieu,  75251  PARIS  ce<lex  05,  France;  ^Department 
of  Biochemistry,  State  University  of  Leiden,  23000  RA 
Leiden,  The  Netherlands;  *Laboratoire  de 
Phytopat hoiogie,  INRA,  route  de  Saint-Cyr,  78000 
Versailles,  France. 

Turnip  Yellow  Mosaic  Virus  (TYMV)  possesses  a 
smgle-stranded  (♦)  RNA  genome.  This  genomic  RNA  is 
poiycistxonic,  the  coat  protein  gene  being  3‘  proximal. 
The  coat  protein  is  synthesized  via  a  subgenomic  RNA. 

To  investigate  the  mechanism  leading  to  the 

formation  of  the  subgenomic  RNA  in  vivo,  the 
double-stranded  RNAs  isolated  from  infected  leaves  were 
characterized  by  Northern  Mot  hyor  idi  zat  ion  under 
native  and  denaturing  conditions  and  by  direct  labelling 
of  nascent  (♦)  RNA  strands.  The  results  obtained 

den-  nst rate  that  the  subgenomic  RNA  is  synthesized  in 

vivo  Ly  internal  initiation  of  replication  on  a  (-)  RNA 
of  genomic  size. 

Replication  experiments  were  performed  in  vitro  to 
identify  on  the  (-)  RNA  the  internal  promoter  involved 
in  this  mechanism.  Our  results  indicate  that  the  "core" 
of  this  promoter  is  located  3'  of  the  sequence 

corresponding  ro  the  subgenomic  RNA,  at  a  distance  of  28 
to  55  nucleotides  from  the  start  of  replication  of  this 
RNA.  Furthermore  the  nucleotide  sequence  in  this 
promoter  region  shares  homology  with  the  consensus 
sequence  of  the  internal  promoter  determined  for  animal 
alphaviruses . 
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TYMOVIRUSES  :  STRATEGIES  OF  EXPRESSION  AND  INSERTION  IN 
THE  "SINDBIS-LIKE"  SUPERGROUP. 

M.D.  MORCH*,  J.C.  BOYER,  G.  DRUGEON  AND  A.L.  HAENNI. 
Institut  Jacques  Monod,  2  place  Jussieu,  7S251  PARIS 
cedex  05,  France. 

Tymoviruses  are  icosahedral  plant  RNA  viruses  with  a 
monopartite  positive  stranded  genome  of  about  6000 
nucleotides.  The  type-member  is  Turnip  Yellow  Mosaic 
Virus  (TYMV) .  The  interest  raised  by  TYMV  mostly  relies 
on  the  tRNA-like  properties  of  its  genome  (not  discussed 
here)  and  on  the  variety  of  strategies  it  utilizes  to 
express  as  many  as  9  proteins  from  a  unique  and 
relatively  small  genomic  RNA.  Recent  translation 
experiments  will  be  presented  that  characterize  the 
proteolytic  processing  step  involved  in  the  synthesis  of 
some  of  its  nonstructural  proteins. 

Molecular  cloning  and  sequencing  of  the  genomes  of 
TYMV  (1)  and  of  several  other  tymoviruses  confer  to 
these  viruses  the  status  of  appropriate  experimental 
models  to  study  viral  replication,  host  specificity  and 
to  test  anti-viral  strategies  such  as  the  "sense-RNA" 
approach  (2) . 

Finally  sequence  comparisons  among  the  non 
structural  proteins  encoded  by  tymoviruses  and  by  other 
plant  and  animal  (+)  RNA  viruses  stress  the  conservation 
of  the  already  described  NTP-binding  and  polymerase 
domains.  All  these  observations  lead  to  the  insertion  of 
the  tymovirus  group  within  the  "Sindbis-like"  supergroup 
of  (  +  )  RNA  viruses  as  opposed  to  the  "picorna- 1  ike" 
supergroup  and  lend  support  to  the  hypothesis  of  modular 
evolution  for  these  viruses. 

1.  Morch,  M.D.,  Boyer,  J.C.  and  A.L.  Haenni  (1980)  Nucl. 
Acids  Res.  16:6157-6173. 

2.  Morch,  M.D.,  Joshi,  R.L.,  Denial,  T.M.  and  Haenni, 
A.L.  (1987)  Nucl.  Acids.  Res.  15:4123-4130 
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DENGUE  VIRUS  EPIDEMIOLOGY  DETERMINED  BY  LIMITED 
GENOMIC  SEQUENCING 

R.  Rico-Hesse,  Yale  Arbovirus  Res.  Unit,  Yale  Unlv. 
Sch.  Med.,  P.0.  Box  3333,  New  Haven,  CT  06510  USA 
Dengue  viruses  have  progressively  extended  their 
geographic  distribution  and  are  now  the  most  Important 
mosquito-borne  viruses  associated  with  human  illness. 
Determining  the  genetic  variability  and  transmission 
patterns  of  these  viruses  is  crucial  In  developing 
effective  control  strategies  for  the  disease.  Eighty 
geographically  and  temporally  diverse  dengue  virus 
strains  of  human  and  mosquito  origin  were  compared  by 
primer -extension  sequencing  of  the  RNA  template.  Forty 
isolates  represent  serotype  1  and  the  remainder  sero¬ 
type  2.  Comparison  of  nucleotide  sequences  from  <3\  of 
the  dengue  genome  provided  sufficient  information  for 
determining  genetic  relationships  among  these  virus 
Isolates.  The  analysis  of  240  nucleotides  from  the 
E/NS1  gene  region  revealed  that  the  evolutionary 
patterns  of  dengue  viruses  of  serotypes  1  and  2  are 
different,  as  are  the  transmission  pathways  of  the 
vlr''«»«  across  the  world.  The  quantitative  comparison 
of  these  nucleotide  sequences  disclosed  previously 
unknown  evolutionary  relationships  between  disease 
outbreaks.  Viruses  fell  into  five  distinct  genotypic 
groups  for  each  of  the  two  serotypes.  Maximum  diver¬ 
gence  across  the  B/NS1  gene  region  among  type  1  virus 
Isolates  reached  3\,  while  for  type  2  strains  it  was 
almost  twice  as  high.  For  type  2  viruses,  one  geno- 
typic  group  represents  an  Isolated,  sylvatlc  virus 
cycle  which  apparently  has  evolved  Independently  in 
Africa.  This  is  the  first  genetic  evidence  that  a 
sylvatlc  cycle  of  dengue  virus  exists. 
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INFECTIOUS  THEILERS  VIRUS  cDNA  CLONES.  STUDIES  OF 
INTRATYPIC  RECOMBINANTS  AND  VIRAL  POLYPROTEIN 

R.P.  Roos^  S.  Slew1,  J.  Ohara1,  J.  Fu1,  B.L.  Scmler2.  JDcpi.  of 
Neurology,  University  of  Chicago,  School  of  Medicine,  Chicago,  IL  60637, 
2Dept.  of  Microbiology  and  Molecular  Genetics,  College  of  Medicine, 
University  of  California,  Irvine,  CA  92717 

Theilers  murine  encephalomyelitis  viruses  (TMEV)  are  mouse 
picor  navi  ruses  that  can  be  separated  into  two  subgroups  on  the  basis  of 
their  biological  activities.  DA  strain  and  other  members  of  the  TO 
subgroup  cause  a  persistent  demyelinaling  infection  in  mice,  while  GDVI1 
strain  and  other  GDVH  subgroup  strains  cause  an  acute  lethal  poUocncepha- 
lomyeUtix  and  neither  persist  nor  demyeimate.  We  generated  an  infectious 
DA  clone  inserted  into  a  transcription  vector.  The  infectivily  of  io  vitro 
derived  DA  transcripts  was  enhanced  by  reengineering  the  clone  to  bring 
the  5'  end  of  the  DA  genome  two  nucleotides  downstream  from  the  T7 
promoter  Virus  derived  from  transfection  of  the  transcripts  produced 
an  inflammatory  demyelinaling  disease  in  mice  indistinguishable  from  DA 
wild  type  virus.  Using  the  DA  infectious  done  and  GDVH  cDNA 
subgcnomic  clones,  wc  were  able  to  produce  chimeric  genomes  and 
interstrain  recombinant  viruscsthal  will  helpto  identify  the  genetic  toci 
responsible  for  the  strains'  varied  biological  activities. 

In  order  to  investigate  polyprotein  processing  of  Theilcr's  murine 
encephalomyelitis  viruses  (TMEV),  we  analyzed  ytifp  translation 
reactions  programmed  by  ig,  vitro  derived  transcripts  from  the  infectious 
full-length  DA  cDNA  clone.  To  help  identify  the  proteinase*  that  carried 
out  the  processing,  (he  DA  cDNA  clone  transcription  template  was 
modified  by  linearization  with  varied  restriction  endonucleases  that  cut 
the  template  at  different  lengths  or  by  linker  insertion  and/or  deletion 
mutationsin  putative  proleinasc-coding regions.  This  information  may 
be  important  tn  further  investigations  of  the  abnormal  virus  expression 
seen  in  DA  virus  late  demyelinaling  disease,  since  polyprotein  processing 
is  critical  in  determining  picornaviral  gene  expression. 


RAPID  MOLECULAR  EVOLUTION  OF  WILD  TYPE  3 
POLIOVIRUS  INFECTION  OF  INDIVIDUAL  HOSTS, 

LEENA  KINNUNEN?  ANITA  HUOVILAINEN  and  TAPANI 
HOVI  Molecular  Biology  Unit  National  Public 
Health  Institute,  Helsinki,  Finland 

The  mutation  rate  of  RNA  viruses  is  known 
to  be  high,  which  allows  for  great 
adaptability  and  rapid  evolution  in  presence 
of  selection  mechanisms. 

An  outbreak  of  poliomyelitis  with 
widespread  circulation  of  wild  type  poliovirus 
3  throughout  the  country  was  discovered  in 
Finland  between  August  1984  and  January  1985. 
Finland  had  been  free  of  poliomyelitis  since 
1964  as  a  result  of  a  high  coverage 
immunization  programme  with  the  inactivated 
poliovirus  vaccine. 

In  this  study  the  extent  of  molecular 
variation  and  evolution  was  followed  during 
wild  type  poliovirus  3  replication  in  several 
individuals.  Altogether,  the  antigenic 
characteristics  of  153  plaque  purified  virus 
strains  from  sequential  faecal  specimens  from 
eight  patients  were  analyzed  with  a  pattern  of 
nine  monoclonal  antibodies.  Selected  plaque 
purified  viruses  (34  strains)  were  further 
studied  by  partial  RNA  sequencing.  The 
sequenced  regions  encode  amino  acids  that  are 
exposed  on  the  virus  surface  and  constitute 
the  major  antigenic  sites.  Almost  every 
clinical  isolate  seemed  to  be  a  mixture  of 
Variants.  Very  often  rapid  evolution  took 
place  between  sequential  isolates  and  amino 
acid  substitutions  were  seen  at  the  known 
antigenic  sites. 


HOMOLOGOUS  PCTY-,  FLAVI-  AND  PESTIVIRUS  PROTEINS 
BELONGING  TO  A  SUPERFAMILY  OF  HELICASE-LIKE 
PROTEINS.  RNA  STIMULATED  ATPase  ACTIVITY  OF  PLUM 
POX  POTYVIRUS  Cl  PROTEIN. 

Sonia  Lain*,  Jose  L.  Riechmann,  Maria  T.  Martin, 
Carlos  L6pez-0tin,  and  Juan  A.  Garcia. 

Centro  de  Biologia  Molecular  (CSIC-UAM). 
Universidad  Autdnoma .  Canto  Blanco.  28049 
Madrid,  Spain. 

Plum  pox  potyvirus  genome  consists  of  a  9786 
nucleotide  long  positive  sense  RNA  molecule  with 
its  5‘  end  covalently  linked  to  a  protein  (VPg) 
and  a  15-500  nucleotide  long  polyA  tail  at  its 
3'end.  An  AUG  triplet  at  position  147-149  has 
been  assigned  as  the  initiation  codon  for  the 
translation  of  a  genome  size  viral  polyprotein 
of  3140  amino  acid  residues.  The  nucleotide 
sequence  of  the  non-coding  regions  and  the 
predicted  amino  acid  sequence  of  the  polyprotein 
were  compared  with  those  previously  reported  for 
other  potyviruses  as  well  as  with  other 
sequences  from  viral  or  cellular  origin. 
Cleavage  of  the  PPV  polyprotein  at  several  of 
the  putative  recognition  sequences  for  the  49kD 
PPV  protease  has  been  confirmed  by  amino 
terminal  sequencing  of  the  processed  products 
and  site  directed  mutageneris.  The  potyviral  Cl 
protein,  which  contains  sites  A  and  B  of  the 
so-called  NTP-binding  motif,  is  closely  related 
to  the  NTP  motif-containing  proteins  of  animal 
fiavi-  and  pestiviruses  and  to  a  superfamily  of 
cellular  helicase-like  proteins.  Preliminary 
results  indicate  that  the  Cl  protein  of  plum  pox 
virus  presents  in  vitro  ATPase  activity 
stimulated  by  the  presence  of  RNA, 


RfPLlCATJVE  FORM  OF  NUOAUREIM/S  VIRUS  SNA 
D  Hendry  ,  D  du  PI  ess l s  and  G  Mokhosi 
Dept  of  Microtioioqv,  Rhodes  University. 

GRAHAMS! OWN,  South  Africa. 

Nudaureha/S  virus  infect? 

emperor  moth,  Nudaurelia  cytherea  capensis.  :  '• 
type  member  of  "Die  Tetravi  r  i  dae.~" '  V  , 

established  family  of  insect-pathocenir 
riboviruses  with  T=4  icosdhedral  capsid  symmetry, 
cell  line  supporting  the  replication  o*'  these  vi’-j**- 
has  yet  to  be  found.  Thus,  little  is  known  e*  IT/ 
replication  strategy,  except  that  ce.'l-'rc- 
translation  of  the  gencmic  RNA  result  ‘  in  tre 
synthesis  of  a  range  of  polypeptides,  none  of  whjc* 
corresponds  to  the  single  coat  protein  of  M  about 
65000. 

The  genone  of  n£v  consists  ot  a  s'ngie  str»nd 
positive-sense  RNA  of  about  5.3  kilobases.  Extract!'' 
of  double-stranded  RNA  (dsRNA)  from  individual  vir^t - 
diseased  larvae  yielded  only  one  major  species  w.t- 
twice  the  M  of  the  genomic  RNA.  This  d?RN^ 
hybridized  with  a  radio-labelled  virion  RNA  probe,  an: 
is  thus  probably  the  replicative  form  of  the  viral 
genome.  No  other  dsRNAs  were  detected  unless  tr? 
agarose  gels  were  overloaded  with  material  extracted 
from  pooled  larvae.  None  of  these  minor  dsRNAs 
sequences  In  common  with  the  genomic  RNA  probe.  No 
dsRNAs  could  be  detected  in  larvae  that  were  virus- 
free. 

None  of  the  polypeptides  produced  by  cell-f^e* 
translation  of  the  virion  RNA  were  precipitated  bv  3 
polyclonal  anti-N^V  serum.  In  the  absence  of  evidence 
fcr  a  subgenomic  RNA,  the  mechanism  of  coat  protei^ 
synthesis  remains  obscure. 
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CIS-ACTING  REGULATORY  SEQUENCES  IN  ALPHAVIRUS  GENOMES 
Richard  J«  Kuhn*,  Bert  G.  M.  Niesters,  Zhang  Hong  and 
James  H,  Strauss.  Division  of  Biology.  California 
Institute  of  Technology,  Pasadena,  CA  911 25  USA 

Comparative  sequencing  of  alphavirus  genomes  has 
identified  four  regions  which  exhibit  a  high  degree  of 
nucleotide  conservation.  It  has  been  postulated  that 
these  sequences  serve  as  replicase  binding  sites.  A 
full-length  cONA  clone  of  Sindbis  virus,  the  type 
alphavirus,  has  been  utilized  in  a  molecular  genetic 
approach  to  study  the  functlon(s)  of  these  regions.  In 
|  particular,  the  3*  19  nucleotide  conserved  region  along 
I  with  the  genomically  encoded  poly (A)  tract  has  been 
analyzed  by  site-directed  mutagenesis  to  determine  the* 
role  of  such  cis-actlng  sequences  in  minus-strand  rna 
synthesis. 

We  report  here  the  construction  of  a  full-length 
cDNA  clone  from  which  Infectious  rna  can  be  transcribed 
of  Ross  River  virus,  another  member  of  the  alphavirus 
genus.  This  has  enabled  us  to  construct  hybrid  viruses 
between  Ross  River  and  Sindbis.  In  particular,  the  5' 
and  3'  non-translated  regions  of  each  virus  have  been 
exchanged  and  the  effect  on  virus  replication  has  been 
studied.  In  addition  we  have  generated  a  hybrid  viru« 
which  contains  the  nonstructural  proteins  of  Sindbis 
and  the  structural  proteins  of  Ross  River.  This  virus 
displays  a  host  range  similar  to  Ross  River  virus  and  a 
replication  efficiency  intermediate  between  Sindbis  and 
Ros3  River.  This  virus,  and  other  structural  protein 
hybrids,  will  prove  useful  in  investigating  the 
pathogenic  properties  exhibited  by  these  viruses. 


P  30 


ORGANIZATION  OF  BEET  YELLOWS  CL0STER0VIRU3  1 
GENOME  { 

V.V.  Dolja*,  A.V,  Karasev,  A. A,  Agranovsky 
and  J.G.  Atabekov 

A.N.  Belozersky  Laboratory  at  Moscow  State 
University*  Moscow  119899 
Virion  RNA  of  beet  yellows  virus  (BYV)  is 
a  mesaanger-sense  RNA  of  aboyt  14.5  kilobases 
containing  no  poly(A).  Its  3  end  is  represen¬ 
ted  by  the  non-ooding  sequence  sharing  no  ob¬ 
vious  similarity  with  the  tRNA-like  structu¬ 
res  in  plant  viral  RNA  genomes  reported  so 
far.  Translation  of  BYV  RNA  in  cell-free  sys¬ 
tem  yielded  a  major  polypeptide  of  250K  and 
some  lighter  products  from  which  66K  was  the 
most  prominent.  None  of  the  products  was  fo¬ 
und  to  coincide  with  the  coat  protein  in  ele¬ 
ctrophoretic  mobility  or  imnninologikal  pro¬ 
perties.  The  synthesis  of  all  the  BYV  Re¬ 
directed  polypeptides  was  blooked  by  the  cap 
analogue,  thus  suggesting  the  presence  of  a 
cap  structure  at  the  5  end  of  virion  RNA. 

The  single-stranded  RNA  from  BYV-infected 
plants  contained  at  least  six  RNA  species  of 
genomic  and  subgenomio  (6.3*  4.8,  2*7!  1.6, 
and  1.0)  sizes.  Double-stranded  analogues 
have  been  found  for  all  these  RNAs.  Thus,  the 
strategy  of  BYV  genome  expression  possibly 
involves  formation  of  subgenomic  RNAs. 

BYV  displays  sharp  differences  with  anot¬ 
her  representative  of  closterovirua  group, 
apple  chlorotic  leaf  spot  virus,  in  genome  si¬ 
ze  and  the  absence  of  poly(A).  Hence  these  vi¬ 
ruses  can  be  hardly  grouped  together. 
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THE  MAJOR  ECHO  VIRUS  SUBGROUP  IS  GENETICALLY  vllOSL:.: 
RELATED  TO  COXSACKIE  H  VIRUSES 

Timo  Hvypia*  and  Petri  Auvinen,  Department  of  Vjrjl.-gv . 
University  of  Turku,  SF-20520  Turku,  Finland,  SF-2V,2 
Turku,  Finland 

ECHO  viruses  arc  the  largest  subgroup  *f  enterovi  r.:s-  - 
comprising  31  serologically  distinct  members .  C'-r.ir.v 
tive  analysis  by  using  nucleic  acid  hybridization  ha*, 
revealed  that  a  majority  of  ECHO  viruses  resemble  :  v- 
sackio  B  viruses  (Auvinen  et  al  .  ,  Arch.  Virol.,  ;r. 
press).  ECHO  virus  22,  however,  is  an  except  ion  and 
docs  not  share  homology  with  any  of  the  enteroviruses 
studied.  In  order  to  understand  the  organization  ~f 
ECHO  virus  genomes  at  a  detailed  level  we  have  start.  - 
nucleotide  sequence  analysis  of  ECHO  viruses  11  and  ... 
The  electron  microscopic  appearance  and  the  genome  Vnebt 
of  both  ECHO  virus  11  and  22  equal  to  coxsackievirus-*  . 
The  nucleotide  sequence  homology  of  ECHO  virus  it  at  t*> 
P3  region  is  approx imatcly  80  X  when  compared  to  ccx- 
sa  tkievirus  ?<3.  The  prot-.alytic  cleavage  sites  studio.: 
so  far  are  identical  with  those  found  in  other  related 
enteroviruses.  The  organization  of  the  3'  none  Oiling 
region  of  ECHO  virus  11  is  also  equal  to  coxs.ickic  Y. 
viruses  but  different  from  polioviruses.  On  the  other 
hand,  the  preliminary  3'  end  sequence  of  F.CHO  virus  2. 
genome  does  not  show  any  significant  homology  with  .  rh  - 
members  of  human  enteroviruses.  An  ol igonuc lect ide  d-- 
rived  from  the  ECHO  22  virus  sequence  hybridizes  ex.  !  .  - 
jvely  with  th’s  strain. 
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INDICATIONS  FOR  A  PSEUDOKNOT  STRUCTURE 
IN  THE  RNA  GENOME  OF  PLRV 

M.  Huisman*1,  F.  v.d.Wilk2,  K.  Pleij3,  r.  ten  Dam3, 

B.  Cornelissen1,  H.  Huttinga2  and  R.  Goldbach4. 

1  XOGEH  N.V.,  le'd*n,  2  Research  Institute  for  Plant  protect 'nr,  wagenir^-,  J 
Hochefl'istry  Oept.,  State  University  of  le-den,  4  Virology  Oect.,  «*r ieultu'*1 
University  Wageningen,  The  Netherlands. 

Potato  leafroll  virus  (PLRV)  is  a  member  of  the 
luteovirus  group.  The  plus-sense  single-stranded  RNA 
genomes  of  luteoviruses  are  contained  within  icosahedra- 
lly  shaped  virions.  These  are  only  infectious  when 
applied  via  aphids.  Therefore,  PLRV  infections  give  rise 
to  considerable  losses  in  potato  yields  when  many  aphids 
are  present. 

The  PLRV  genomic  RNA  encodes  six  putative  gene 
products  in  open  reading  frames  (ORFs)  1  to  6.  For 
expression  of  these  6  ORFs  the  virus  might  be  using 
three  different  methods.  0RF1  starts  with  a  suboptimal 
AUG  according  to  the  Kozak  rules.  This  way  0RF2  can  be 
expressed  from  the  genomic  RNA  as  well.  0RF3  seems  to  be 
expressed  via  a  -1  translational  frame-shift  in  0RF2.  In 
the  region  where  frameshi fting  might  occur  a  possible 
pseudoknotted  structure  can  be  found.  A  similar  feature 
can  be  observed  in  the  equivalent  region  of  the  genome 
of  BWYV.  This  might  have  a  function  in  ribosomal  frame- 
shifting.  0RF3  bears  a  43%  homology  with  the  putative 
RNA-dependent  RNA  polymerase  of  southern  bean  mosaic 
virus.  The  expression  of  0RFs4  to  6  most  likely  is  via  a 
subgenomic  messenger  of  3.4  kb  found  in  infected  tissue. 
0RFs4  and  6  a  e  countiguous  reading  frames  separated 
only  by  an  UAG  (amber)  stop  codon.  0RF4  encodes  a 
protein  showing  homology  with  other  luteovirus  coat 
proteins.  ORFS ,  which  Is  contained  entirely  within  0RF4. 
might  encode  a  precursor  of  the  VPg  molecule. 
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HOG  CHOLERA  VIRUS  -  CHARACTERIZATION  OF 
SPECIFIC  ANTISERUM  AND  IDENTIFICATION  OF 
cDNA  CLONES 

TILLMANN  RUMENAPF,  GREGOR  MEYERS ,  ROBERT 
STARK  &  HEINZ-JURGEN  THIEL* 

Federal  Research  Centre  for  Virus  Diseases 
of  Animals,  D-7400  Tubingen,  Federal 
Republic  of  Germany 
A  specific  antiserum  was  raised  against 
the  pestivirus  inducing  hog  cholera  (hog 
cholera  virus,  HCV) .  Using  itnmuno- 
precipitation  and  SDS-PAGE,  this  anti¬ 
serum  served  for  comparison  of  HCV- 
induced  proteins  with  those  from  a  related 
and  better  characterized  pestivirus, 
bovine  viral  diarrhae  virus  (BVDV)  .  In 
addition  to  immunological  relationships, 
the  apparent  molecular  weights  of  some 
proteins  induced  by  both  viruses  were 
quite  similar. 

HCV  genomic  RNA  was  found  to  be  about 
12  kb  in  length,  comparable  to  BVDV  RNA. 
cDNA  was  synthesized  starting  from  RNA 
isolated  from  partially  purified  virions 
and  cloned  in  lambda-gtll.  Screening  with 
the  antiserum  resulted  in  identification 
of  several  positive  clones.  Partial 
sequencing  of  one  HCV-derived  cDNA  clone 
revealed  a  high  degree  of  homology  to  a 
portion  of  the  BVDV  sequence. 


P  35 


nucuoude  siquencf  or  the  oenomf  and  cdmpllu  amino 
ACID  SEQUENCE  Of  wr  POlYPROIfiN  0»  f  Hf  IJCK-OORNr  EN¬ 
CEPHALITIS  VIRUS.  AW-xandcr  C.  Pletnov  and  Vladimir  F  . 
Vamr,hikov'.  Novosibirsk  Institute  of  Hioorgomr 
Chemistry,  630090  Novosibirsk  90. 

We  have  now  cloned  and  sequenced  the  qennmic  RNA  of 
tick-borne  encephalitis  virur  (IBEV)  that  encodes  all 
structural  and  nonstructura 1  proteins.  The  complete 
genome  is  10,480  bases  in  length  with  a  single  open 
reading  frame  extending  from  nucleotides  127  to  10,36*) 
encoding  3,41 r  amino  acids.  The  5'-  and  3' -noncoding 
extremities  present  stem-  and  loop-structures.  A  poly- 
protcin  precursor  is  apparently  proteotypical ly  cleav¬ 
ed  by  a  mechanism  resembling  that  proposed  for  expres¬ 
sion  of  polyproteins  of  other  flaviviruses  such  as 
Yellow  fever,  West  Nile  and  Kunjin  viruses.  The  de¬ 
duced  TBEV  gene  order  is  5 ' -C-pr(  M)-E-NS1  -NS2A-NS2B- 
N53-NS4A-N54B-NSS- 3 '  .  The  genome  and  the  polyprotcin 
of  TBrv  and  other  flaviviruses  are  transmitted  to 
their  vertebrate  hosts  by  different  vectors  such  as 
ticks  and  mosquitoes.  Comparison  of  sequence  homology 
of  polyproteins  suggests  that  TBEV  is  more  closely  re¬ 
lated  to  Y.  fever  virus  than  to  flaviviruses  of  other 
serological  subgroups  (West  Nile  or  Dengue  viruses). 
The  hydrophobicity  profiles  of  the  flavivirus  polypro- 
teiris  are  highly  conserved.  Nonstructural  proteins 
NSZA,  NS2B,  NS4A,  and  NS48  are  extremely  hydrophobic, 
suggesting  that  these  proteins  are  likely  associated 
with  cellular  membranes.  Proteins  E,  NS1,  NS3,  and  NS5 
are  the  most  conservative  and  may  be  involved  in  ge¬ 
neral  activities  related  to  viral  replication. 
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TEMPERATURE-SENSITIVE  SHUTOFF  OF  ALPHAVIRUS 
MINUS  STRAND  SYNTHESIS  MAPS  TO  NSP4. 

D.  Sawicki,*  D.  Barkhimer.  and  S.  Sawicki.  Medical  College  of 
Ohio,  Toledo,  USA. 

Alphavirus  minus  strand  synthesis  occurs  only  early  in 
infection  and  is  coupled  to  synthesis  of  viral  nonstructural 
proteins  and  to  formation  of  new  viral  replication  complexes. 

Our  previous  results  identified  a  mutant  (ts24  of  the  A 
Complementation  group)  of  Sindbis  virus  (SIN  HR)  that  failed  to 
cease  minus  strand  synthesis  late  in  infection  in  the  absence  of 
new  protein  synthesis  if  infected  cells  were  shifted  to  40C 
(Sawicki  and  Sawicki,  Virology  151:339.1986).  Revenanis  of 
ts24  (ts24R)  retained  this  ts  phenotype,  indicating  the  defect  in 
temporal  regulation  of  minus  strand  synthesis  was  not 
conditionally  lethal  and  could  map  outside  the  A  cistron.  Minus 
strand  synthesis  by  ts24R  apparently  occurred  in  previously 
formed  replication  complexes  that  had  been  engaged  in  plus 
strand  synthesis.  The  infectious  clone  of  SIN  HR.  Totol  101. 
was  used  to  identify  the  region  of  the  genome  of  ts24R 
responsible  for  this  phenotype.  Three  specific  cDNAs  that 
together  represented  the  entire  genome  of  ts24R  were  exchanged 
for  their  corresponding  regions  in  Totol  301  and  infectious 
transcripts  used  to  prepare  hybrid  viruses.  The  phenotype  of 
ts24R  was  present  in  the  region  nt  2288-ru  7999,  encompassing 
pan  of  nsP2-nsP3-nsP4  encoding  sequences.  Subcloning  and 
sequencing  identified  a  single  nucleotide  change  at  nt  6339  (C  to 
A.  predicting  a  Gin  to  Lys  change  at  aa  195  in  nsP4)  that  was 
common  among  but  unique  to  ts24  and  its  revertants  Nucleotide 
changes  at  the  5'  and  3'  ends  of  the  ts24R  genome  did  not  3ffect 
minus  strand  synthesis.  Substitution  of  the  wildtypc  nucleotide 
at  position  6339  in  an  infectious  clone  of  ts24R  should  eliminate 
the  tr,24R  phenotype.  We  conclude  that  is  failure  to  cease  minus 
strand  synthesis  by  ts24  and  its  revertants  maps  to  the  nsP4 
region. 
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EFFECT  OF  ACTINOMYCIN  D  ON  REPLICATION  OF  SATELLITE 
TOBACCO  RINGSPOT  VIRUS  RNA  IN  PLANT  PROTOPLASTS.  Beckv 
Buckley*  and  George  Bruening.  Department  of  Plant  Path¬ 
ology,  University  of  California.  Davis,  CA  95616.  USA 
The  359  nt  satellite  tobacco  ringspot  virus  RNA 
(sTobRV  RNA)  is  a  molecular  parasite  of  its  supporting 
virus,  tobacco  ringspot  virus  (TobRV)  That  is, 
sTobRV  RNA  requires  co- infection  with  TobRV  for  its 
propagation,  it  reduces  the  yield  of  TobRV.  and  it 
becomes  encapsidated  in  TobRV  ccat  proteir  Spt-  f*c 
contributions  of  TobRV  gene  products,  other  than  coat 
protein,  to  the  life  cycle  of  sTobRV'  RNA  are  unknown. 

We  have  been  studying  sTobRV  RNA  replication  in  this 
three -component  system  of  host,  virus  and  satellite 
RNA.  DNA-dependent  RNA  synthesis  was  effectively  in¬ 
hibited  in  cowpea  (Vlgna  ungulculata )  leaf  protoplasts 
incubated  In  a  medium  containing  50  jjg/ml  actinomycin  D 
(Act  D).  as  measured  by  Incorporation  of  { ^Cjuridine 
into  RNA.  When  this  concentration  of  Act  D  was  added 
to  protoplasts  24  hr  prior  to  co- inoculation  with 
sTobRV  RNA  and  TobRV  genomic  RNAs .  no  accumulation  of 
sTobRV  RNA  was  detected  by  blot  hybridization  after 
electrophoresis  of  RNA  preparations.  This  apparent 
inhibition  of  sTobRV  RNA  synthesis  did  not  appear  to  be 
due  to  Interference  with  transcription,  since  additions 
of  Act  D  at  24  hr  or  48  hr  after  co-inoculation  resul 
ted  in  only  slightly  weaker  sTobRV  RNA  signals  than 
those  obtained  with  no  addition  of  Act  D.  Our  results 
and  previous  findings  of  RNA  complementary  to  encapsi¬ 
dated  satellite  RNA  in  extracts  of  Infected  tissue 
imply  that  an  RNA-dependent  RNA  polymerase  Is  responsi¬ 
ble  for  the  synthesis  of  sTobRV  RNA.  The  strongly 
Inhibitory  effect  of  net  D,  added  early,  on  sTobRV  RNA 
synthesis  suggests  s  role  for  a  host  factor  in  the 
early  phase  of  sTobRV  RNA  replication. 
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MAPPING  OF  BROMOVIRUS  RNA  REPLICATION 
FUNCTIONS  BY  CONSTRUCTION  OF  HYBRID  RNA2 
MOLECULES.  Patricia  L.  Traynor*  and  Paul  G.  Ahlquist. 
Institute  for  Molecular  Virology,  University  of  Wisconsin- 
Madison,  Madison,  WI  53706,  USA. 

The  bromovints  group  of  plant  viruses  has  a  tripartite 
(+)-sense  RNA  genome  similar  in  sequence  and  organization  to 
a  wide  range  of  other  plant  viruses.  Replication  of  brome 
mosaic  virus  (BMV)  and  cowpea  chlorotic  mottle  virus 
(CCMV)  requires  both  RNAs  1  and  2  and  the  la  and  2a 
proteins  they  encode,  respectively.  Despite  extensive  homology 
between  bromoviral  RNA2  nucleotide  and  peptide  sequences, 
several  functional  differences  distinguish  RNA2  and  the  2a 
protein  of  BMV  from  those  of  CCMV.  First,  successful 
infection  of  barley  protoplasts  requires  a  virus-specific 
compatibility  between  RNA2  and  its  homologous  RNA1,  since 
heterologous  combinations  of  RNAs  1  and  2  do  not  support 
viral  RNA  replication.  Secondly,  although  BMV  RNA2  ts 
amplified  by  CCMV,  RNA2  from  CCMV  is  not  amplified  by 
BMV,  indicating  a  difference  in  template  activity  between  the 
two  RNA2s.  Construction  of  hybrid  RNA2  molecules 
containing  various  portions  of  BMV  and  CCMV  sequences  has 
allowed  preliminary  mapping  of  these  functional  differences. 
Additionally,  hybrid  RNA2  molecules  that  are  compatible  with 
RNA1  from  either  virus  have  been  used  to  show  that  a  virus- 
specific  difference  in  the  amplification  of  RNA3  templates 
appears  to  segregate  with  RNA1. 
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MOLECULAR  CLONING  AND  NUCLEOTIDE  SEQUENCE  OF  THE 
GENOME  OF  HOG  CHOLERA  VIRUS 
GREGOR  MEYERS,  TILLMANN  RUMEN A PF  AND 
HEINZ-JURGEN  THIEL* 

Federal  Research  Centre  for  Virus  Diseases  of 
Animals,  D-7400  Tubingen,  Federal  Republ  ic  of 
Germany 

A  cDNA  clone  derived  from  genomic  RNA  of  hog 
cholera  virus  (HCV)  was  identified  using  an 
ol  igonucleotide  complementary  to  the  RNA  encoding 
a  hexapeptide  from  the  putative  RNA  dependent 
RNA  polymerase  of  the  closely  related  bovine 
viral  diarrhea  virus  (BVDV) .  This  clone  served 
as  a  probe  for  screening  different  size  selected 
cDNA  libraries.  After  molecular  cloning  and 
nucleotide  sequencing  the  HCV  genome  was  shown  to 
consist  of  12284  nucleotides  containing  one  long 
open  reading  frame.  Sequence  comparison  revealed 
a  high  degree  of  homology  between  HCV  and  BVDV 
genomic  RNAs .  with  respect  to  HCV  the  genome  of 
BVDV  contains  an  insertion  coding  for  90  amino 
acids . 


GENOMIC  AND  ANTIGENIC  COMPARISONS  OF  EASTERN  EQUINE 
ENCEPHALITIS  VIRUSES  AND  RELEVANCE  TO  VIRAL  EVOLUTION 
Patricia  M.  Repik*  and  Julie  M.  Strizki,  Department  of 
Microbiology  and  Immunology,  The  Medical  College  of 
Pennsylvania,  Philadelphia,  PA,  U.S.A. 

To  investigate  the  genetic  and  antigenic  diversity 
of  both  North  and  South  American  EEE  viruses,  the  RNAs 
of  more  than  20  isolates  were  analyzed  by  RNA  finger¬ 
printing,  and  the  virion  proteins  were  characterized  by 
PAGE  and  Western  blot  analysis.  All  the  N.  Am-  isolates 
displayed  strikingly  similar  fingerprint  patterns,  with 
72-98Z  oligonucleotide  homology.  The  strong  genetic 
relationship  among  these  strains  was  stable  with  time, 
host  species,  and  geographic  distribution.  Conversely, 
the  S.  Am.  isolates  displayed  fingerprint  patterns 
which  differed  markedly  from  the  N.  Am.  strains  and,  in 
addition,  were  much  more  diverse  amongst  one  another. 
Their  oligonucleotide  homoLogles  ranged  from  17-92X. 

Both  geographic  distribution  and  time  appeared  to 
influence  the  genetic  relatedness  of  the  S.  Am.  strains. 
Analysis  of  viral  proteins  supported  these  data  in  that 
minor  variation  was  generally  observed  only  in  the  E2 
protein  of  the  N.  Am.  strains,  whereas  more  extensive 
variation  in  both  the  El  and  E2  proteins  were  seen 
among  the  S.  Am.  strains.  Although  the  North  American 
and  South  American  EEE  strains  differed  genetically 
and  ant igenical ly ,  major  immunogenic  epitopes  were 
preserved  as  demonstrated  by  Western  blot  analysis. 

The  possibility  that  selective  pressures  exerted  by 
Insect  vectors  may  play  an  integral  role  in  the 
evolution  of  EEE  viruses  is  intriguing. 
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DESCRIPTION  OF  THE  SEQUENCE  OF  HCG  CHOLERA  VIRUS  ?SA: 
COMPARISON  OF  THIS  SEQUENCE  WITH  THAT  OF  BOVINE  VIRAL 
DIARRHOEA  VIRUS. 

R.J.M.  Moormann*,  P.  Warmerdam.  B.  van  tier-  Meer.  ar.i 
M.M.  Hulst. 

Central  Veterinary  Institute,  Dept,  of  Virology,  r.C. 

Box  365,  8200  AJ  Lelystad,  The  Netherlands. 

Hog  cholera  virus-specific  RNA,  synthesized  in  in¬ 
fected  SK-6  cells  (Moormann  and  Hulst,  '988,  Virus 
Res.,  281-291),  was  cloned  and  sequenced,  Various  cDNA 
libraries  were  prepared  to  completely  clone  the  virus- 
specific  polyA  minus  RNA.  The  first  strand  of  the  cDNA 
■was  primed  with  either  oligonucleotides  prepared  from 
cair  thymus  DNA,  or  oligo-dT  on  po.’yA  adenylated  RNA, 
or  specific  oligonucleotides  deduced  from  the  sequence;. 

The  cloned  sequence  is  12.280  nucleotides  in  leng-.h. 
The  sequence  of  several  independent  clones  primed  with 
oligo-dT  suggests  that  the  3'-end  of  the  viral  genome 
is  completely  cloned.  Whether  the  sequence  is  also  com¬ 
plete  at  the  5'-end  is  still  being  investigated. 

One  large  open  reading  frame  (0RF),  encoding  a 
polyprotein  sequence  or  3897  residues,  was  found  in  the 
second  reading  frame  of  the  sequence  of  one  of  the  cDNA 
strands.  The  sequence  of  this  strand  corresponds  with 
that  of  the  viral  plus  strand  RNA. 

The  amino-acid  sequence  encoded  by  the  0RF  will  be 
described  and  the  sequences  of  hog  cholera  virus  and 
bovine  viral  diarrhoea  virus  (members  of  the  Pestivirus 
genus)  will  be  compared. 
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CHARACTERISTICS  AND  EFFECTS  OF  DEFECTIVE  IN¬ 
TERFERING  PARTICLES  IN  HEPATITIS  A  INFECTED 
CELLS 

J.  Niiesch*  and  G.  Siegl,  Institute  for  Hygiene 
and  Medical  Microbiology  University  of  Berne, 
CH-3010  Berne 

Adaptation  of  hepatitis  A  virus  to  cell 
culture  usually  leads  to  the  establishment  ot 
persistent  infection.  Such  a  virus/cel  1 
relationship  might  be  favored  by  the  presence 
of  defective  interfering  particles  (DIP). 
Indeed,  DIP  with  distinct  deletions  in  the 
genome  could  be  demonstrated  for  various  HAV 
isolates  in  several  cell  culture  systems  and 
at  different  in  vitro  passage  levels.  To  test 
at  which  level  DI  particles  interfere  with 
replication  of  standard  HAV  virions,  cultures 
were  infected  at  low  and  high  m.o.i.  and  with 
virus  pools  established  at  early  (iith)  and 
late  (44th)  in  vitro  passage  levels. 
Subsequently,  production  and  excretion  of 
viral  antigen,  infectious  particles,  and 
temperature  permissive  mutants,  as  well  as 
synthesis  and  accumulation  of  vRNAs  during  thr- 
replication  cycle  of  HAV  was  analysed.  The 
quantity  of  genomic  vRNA  oscillated  througout 
the  period  of  observation.  Defective  RNAs 
could  always  be  demonstrated,  but  peak  amounts 
usually  were  present  after  genomic  RNA  reached 
maximum  concentrations.  Presence  of  DIP 
evidently  interfere  with  synthesis  of  vRNA  ar.i 
the  production  of  progeny  virus  particles. 
Production  of  viral  antigen,  however,  seemed 
to  be  unaffected. 
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THE  SYNTHESIS,  MODIFICATION  AND  SECRETION  OF 
TBEV  GLYCOPROTEINS. 

JOHN  R.  STEPHENSON*  &  ALAN  J.  CROOKS,  CAMR, 
SALISBURY,  U.K.. 

The  accurate  and  efficient  production  of 
cellular  or  viral  proteins,  by  native  and 
genetically  engineered  systems  depends  on 
molecular  signals  for  the  correct  folding, 
post-translational  modification  and 
intracellular  transport  of  those  proteins. 
The  glycoproteins  of  TBE  virus,  preM,  E  and 
NS1  offer  an  excellent  system  to  study  the 
intracellular  transport  of  proteins.  E  is 
present  in  virus  particles,  but  not  on  the 
plasma  membrane;  preM  is  present  only  in 
infected  cells  and  its  non-glycosylated 
product;  M  is  only  found  in  virus  particles, 
and  NS1  i 8  never  found  in  virions,  but  is 
secreted  from  the  cell  and  has  been  detected 
on  the  plasma  membrane.  This  situation  not 
only  enables  a  study  of  protein  transport, 
but  as  all  viral  proteins  are  translated  from 
a  single  message,  gives  the  virus  some  unique 
problems  in  the  control  of  protein  synthesis. 

Work  in  our  laboratory  has  demonstrated 
that  the  synthesis  of  these  proteins  is 
strictly  controlled  and  is  dependent  upon  the 
subcellular  environment  of  the  translation 
machinery.  It  is  also  apparent,  that  at 
least  for  NS1,  the  level  of  glycosylation 
reflects  the  destiny  of  the  protein.  The 
effect  of  sorting  sequences,  glycosylation 
and  protein  folding  on  subcellular  transport 
will  be  discussed  in  this  presentation. 
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HIGH-FREQUENCY  LEADER  SEQUENCE  SWITCHING  DURING  C0R0- 
NAVIRUS  D!  RNA  REPLICATION.  Shinji  Makino*  and  Michael 
M.C.  Lai,  Department  of  Micrbiol.  Univ.  of  Southern 
California,  School  of  Medicine,  Los  Angeles,  CA  90Q33 
USA. 


A  system  was  developed  exploiting  defective-inter¬ 
fering  (DI)  RNAs  of  coronavirus  to  study  the  role  of 
free  leader  RNA  in  RNA  replication.  A  cDNA  copy  of 
mouse  hepatitis  virus  DI  RNA  was  placed  downstream  of 
T7  RNA  polymerase  promoter  to  generate  DI  RNAs  capable 
of  extremely  efficient  replication  in  the  presence  of 
a  helper  virus.  We  demonstrated  that,  in  the  DI  RNA- 
transfected  cells,  the  leader  sequence  of  these  DI 
RNAs  was  switched  Ld  that  of  the  helper  virus  during 
one  round  of  replication.  This  high-frequency  leader 
sequence  exchanqe  was  not  observed  if  a  nme-nucleo- 
tide  stretch  at  the  junction  between  the  leader  and 
the  remaining  DI  sequence  was  deleted.  This  observa¬ 
tion  suggests  a  novel  discontinuous  replication  of  an 
RNA  with  uninterrupted  sequence. 
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CHANGES  IN  MOLECULAR  STRUCTURE  AND  MEMBRANE 
ASSOCIATION  OF  THE  DENGUE-2  VIRUS  PROTEIN  NS1 
DURING  MATURATION  AND  TRANSPORT 
Gunther  Winkler*  and  Victor  StoJlar 
R.-U.  Johnton  Medical  School,  UMDN J ,  675  Hoes 
Lane,  Piscataway,  NJ  00854,  U.S.A. 

*  present  address i  BIOGEN  Inc.,  14  Cambridge 
Center  Cambridge,  MA  02142,  U.S.A. 

The  dengue-2  virus  nonitructural  protein 
NS1  is  a  glycosylated,  acidic  protein  with  an 
approximate  mol.  wt.  of  46000.  For  a  abort 
time  after  translation  NS1  appears  as  a  mono¬ 
meric,  water  soluble  protein.  Within  20-40 
min  after  synthesis  the  protein  form*  homo- 
dimer*  which  show  increased  hydrophob ic i ty 
as  indicated  by  means  of  Triton  X-114  phase 
partitioning.  Thi*  dimeric  form  of  NSl ,  in 
contrast  to  the  monomeric  NSl,  im  found  in 
the  membrane  fraction  of  the  cell  homogenate 
■uqge*ting  that  dimerization  and  membrane 
association  are  closely  correlated. 

The  NSl  dimers  are  transported  through 
the  Golgi  system  where  -  in  mammalian  cells 
-  two  of  the  four  asparagine  linked  carbo¬ 
hydrate*  are  processed  to  complex  glycans. 

About  60-80  min  after  translation  NSl  is 
secreted  into  the  medium  where  it  is  found  in 
both  a  pelletabl*  and  soluble  form.  Both 
form*  are  protein  dimer*  but  show  difference* 
with  respect  to  molecular  organization  as 
shown  by  immunogold  el ec tr onmicroscopy .  The 
data  are  consistent  with  the  hypothesis  that 
pel letable  extracel lular  NSl  is  associated 
with  membrane  vesicles. 
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EXPRESSION  OF  COWPEA  MOSAIC  VIRUS  M  RNA  IN  COWPEA 
PROTOPLASTS. 

J.  Wei  link*,  G.  Rezelman  and  A.  van  Kammen. 

Dept,  of  Molecular  Biology,  Agricultural  University, 
Dreijenlaan  3,  6703  HA  Wageningen,  The  Netherlands. 

In  cell  free  systems  cowpea  mosaic  virus  { CPMV ) 

M  RNA  is  translated  into  two  polyproteins,  105K  and  95K. 
Using  antiserum  against  the  small  capsid  protein  VP23, 
these  proteins  have  now  been  detected  in  cowpea  proto¬ 
plasts,  a  few  hours  after  inoculation  with  CPMV.  Also 
at  later  stages  of  Infection  these  proteins  could  be 
detected,  but  only  if  proteolytic  processing  was 
inhibited  by  the  addition  of  ZnCl2-  Using  antiserum 
against  a  synthetic  peptide,  corresponding  with  a  part 
of  the  overlapping  C-terminal  ends  of  the  58K  and  48K 
proteins,  the  58K  protein,  being  the  ami  no- terminal 
cleavage  product  of  the  105K  protein,  was  found  in  the 
cytoplasmic  fraction  of  infected  protoplasts,  whereas 
the  48K  protein,  derived  from  the  95K  protein,  was 
detected  in  both  the  cytoplasmic  and  membrane  fraction 
of  protoplasts.  The  presence  of  the  105K,  95K,  58K  and 
48K  proteins  in  CPMV-infected  protoplasts  indicates 
that,  similar  what  has  been  found  in  vitro,  also  in  vivo 
distinct  initiation  codons  on  the  M  RNA  are  used  to 
produce  the  105K  and  95K  polyproteins. 
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SYNTHETIC  PEPTIDE  ANTIBODIES  AGAINST  HUMAN  RHINOVIRUS 
TYPE  14  PROTEASE  3C. 

Keat-Chye  Cheah*1,  Sabita  Sankar1,  Ee-Chee  Ran2 
and  Alan  G.  Porter^. 

^■Institute  of  Molecular  &  Cell  Biology  and 
department  of  Microbiology,  National  University 
of  Singapore,  Kent  Ridge,  Singapore  0511,  Republic 
of  Singapore. 

Human  rhinoviruses  (HRVs),  which  form  one  genus 
of  the  family  Picornaviridae,  are  the  main  causative 
agents  of  the  common  cold.  The  basic  organization 
and  replication  of  the  positive  strand  RNA  genomes 
(7. 5-8.0  kb)  of  Picornaviruses,  e.g.  HRVs,  poliovirus 
and  foot-and-mouth  disease  virus,  are  similar. 
The  primary  translation  product  of  Picornaviruses 
is  a  single  precursor  polypeptide  which  is  processed 
primarily  by  viral  protease  3C  to  mature  products. 
Although  the  primary  amino  acid  sequence  of  3C 
proteases  has  diverged  considerably,  there  are  short 
stretches  of  highly  conserved  amino  acids.  We  have 
synthesized  two  synthetic  peptides  of  16  and  11 
amino  acids  based  on  two  of  the  highly  conserved 
amino  acid  sequences  in  protease  3C,  and  raised 
peptide-specific  antibodies  in  rabbits.  The 
specificities  of  the  peptide  antibodies  for  protease 
3C  were  verified  using  dot  blot  and  ELISA  assays. 
Immunoprecipitation  experiments  demonstrated  that 
both  the  peptide  antibodies  recognized  the  protease 
3C  expressed  by  HRV-14  recombinant  plasmid  pKCCHO 
in  E.coli  maxicells.  Experiments  are  in  progress 
to  determine  whether  these  antibodies  neutralize 
the  biological  activity  of  protease  3C. 
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CHARACTERIZATION  OF  SEMLIKI  FOREST  VIRUS 
SPIKE  GLYCOPROTEINS  DEFICIENT  IN  p62 
CLEAVAGE 

Mario  Lobigs*  and  Henrik  Ga'off.  Depl.  of  Molecular 
Biology.  Huddinge  Univ.  Hospital,  Karolinska  Institute, 
Sweden 

The  subgenomic  26S  cDNA  coding  for  the  structural 
proteins  of  Semliki  Forest  virus  (SFV),  an  alphavirus,  was 
expressed  via  a  recombinant  vaccinia  virus  vector  in  BHK 
cells.  The  SFV  polyprotein  precursor  is  correctly  cleaved 
and  processed  as  judged  Irom  PAGE  profiles,  and 
transported  to  the  plasma  membrane. 

We  have  generated  specific  mutations  in  the  structural 
glycoproteins  o'  SFV  and  we  are  using  the  vaccinia  virus 
expression  system  to  study  their  phenotype  effects  on  the 
assembly  ot  this  simple  enveloped  RNA  virus.  The 
membrane  ot  the  SFV  particle  contains  240  copies  of  the 
spike  heterodimer  E1/E2.  The  E2  spike  glycoprotein 
originates  tram  the  precursor  protein  p62  which  is  cleaved 
late  in  virus  maturation,  prior  to  arriving  at  the  plasma 
membrane  by  a  host  enzyme  recognizing  dibasic  residues. 
It  has  been  proposed  that  the  cleavage  of  p62  is  a  crucial 
event  in  triggening  the  budding  of  SFV. 

Here  we  describe  the  phenotypes  of  SFV  spike 
glycoproteins  de'icient  in  the  cleavage  ot  p62  expressed  in 
BHK  cells  which  were  intected  with  the  recombinant 
vaccinia  virus  vectors.  Cell  surface  expression,  polykaryon 
formation  and  E1/E2  oligomerization  are  addressed. 
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THE  SEMLIKI  FOREST  VIRUS  EMPLOYS  MULTIPLE 
INTERNAL  SIGNAL  PEPTIDE  CLEAVAGES  TO 
GENERATE  ITS  MEMBRANE  PROTEINS 
Peter  Liljestrbm"  and  Henrik  Garolt.  Department  ot 
Molecular  Biology.  Center  tor  Biotechnology,  The  Karolinska 
Institute,  Sweden. 

We  are  studying  the  mechanisms  guiding  the  biogenesis 
ot  the  Semliki  Forest  virus  (SFV)  membrane.  The  SFV  is 
composed  of  a  nucleocapsid  structure  surrounded  by  a 
membrane  carrying  the  virus-specific  glycoprotein  spikes 
The  precursor  polypeptide  lor  the  structural  proteins  is 
synthesized  in  the  cytoplasm  and  is.  after  removal  ot  the 
capsid  protein  (C)  by  self-cleavage,  targeted  to  the  ER 
membrane  where  it  is  translocated  and  co-translationally 
cleaved  to  yield  the  proteins  p62.  6K  and  El.  In  ER  the  p62 
and  El  proteins  form  heterodimers  proceeding,  and  as  a 
prerequisite  to,  their  transport  to  the  cell  surface.  The  role  ot 
the  6K  protein  is  still  remains  unclear.  We  have  in  detail 
characterized  the  nature  ot  the  various  cleavages  and 
topogenic  signals  which  guide  the  correct  generation  of  these 
transmembrane  proteins.  Our  results  reveal  an  astonishing 
scenario  where  internally  alternating  signal  peptides  and 
stop-transfer  sequences  ot  the  polyprotein  are  used,  through 
the  action  of  the  signal  peptidase,  to  generate  the  structural 
proteins  ot  the  virus.  Interestingly,  none  ot  the  signal 
peptides  are  removed  after  cleavage,  but  remain  as  integral 
parts  ot  the  mature  proteins,  reflecting  their  additional  roles  in 
the  assembly  process  of  the  virus. 
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MEMBRANE  PROTEIN  OLIGMERIZATION  AND 
OLIGOMER  DISSOCIATION  AS  POSSIBLE 
REGULATORS  OF  SEMLIKI  FOREST  VIRUS 
BUDDING  AND  FUSION 

Johanna  Wahlberg",  Wil  A  M.  Boara,  Hanrik  Garoff, 
Department  of  Molecular  Biology,  Huddinge  University 
Hospital,  Karolinska  Institute,  Sweden 

The  budding  and  the  fusion  processes  of  the  enveloped 
animal  virus  Semliki  Forest  virus  serve  the  purpose  of 
transporting  its  nudeocapsid,  containing  its  genome,  from 
the  cytoplasm  of  an  infected  cell  into  that  of  an  uninfected 
one.  We  show  here  that,  in  the  infected  cell,  the  viral 
membrane  (spike)  proteins  p62  and  El  are  organized  as 
heterodimers  which  are  very  resistant  to  dissociation  in 
acidic  conditions.  In  contrast,  the  mature  form  of  the 
heterodimer,  E2E1 ,  which  is  found  in  the  virus  particle  and 
which  is  generated  by  proteolytic  processing  of  p62,  is  very 
prone  to  dissociate  upon  treatment  with  mildly  acidic  buffers. 
We  suggest  that  this  difference  in  behaviour  of  the 
intracellular  precursor  form  and  the  mature  form  of  the  spike 
protein  complex  represents  an  important  regulatory 
mechanism  for  the  processes  involving  membrane  binding 
around  the  nudeocapsid  during  budding  and  membrane 
release  from  the  nudeocapsid  at  the  stage  of  virus  fusion. 
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STRUCTURE  OF  THE  SINDBIS  VIRUS  NUCLEOCAPSID 
Angel  Paredes,  Kevin  Coombs,  Dennis  T.  Brown* 

The  University  of1  Texas  at  Austin  78713-7640 
The  Cell  Research  Institute 

The  topological  arrangement  of  RNA  and  protein  in 
purified  Sindbis  nucleocapsids  has  been  examined  by 
chemical,  physical  and  morphological  procedures. 
Chemical  crosslinking  experiments  indicate  that  capsid 
protein  exists  in  two  conformations  within  the  nucleo- 
capsid.  These  conformations  differ  from  that  of  free 
capsid  protein.  Capsid  protein  is  organized  such  that 
the  protein  domain  containing  tyrosine  180  is  exposed 
on  the  surface  of  the  capsid.  Gentle  RNAse  treatment 
of  crossl inked  capsids  releases  2  species  of  protein- 
containing  subunits,  having  diameters  of  9  and  11  nm. 
These  structures  represent  pentameters  and  hexamers 
respectively.  The  data  collectively  shows  the  nucleo- 
capsid  to  be  a  t=4  icosahedron  in  which  both  protein 
and  RNA  are  exposed  on  the  surface. 


EPlTCPE  HDOEL  OF  TICK-BORNE  ENCEPMALITIS-VIRJS  ENVELOPE  GLYCOPROTEIN 
E,  ROLE  OF  CARBOHYDRATE  SIDE  CHAINS  IN  ITS  ANTIGENIC  STRUCTURE  AND 
CONFORMATIONAL  CHANGE  OCCURRING  AT  ACIDIC  pH.  F .  GuirakhOO,  F.X. 
Heinz,  Ch.  Kunz.  Institute  of  Virology,  University  of  Vienna, 
Vienna,  Austria. 

A  large  panel  of  monoclonal  antibodies  (HAbs)  was  made  to  cnar- 
acterize  the  antigenic  sites  of  the  Tick  dome  encephalitis  { JOE) 
virus  glycoprotein  E.  Nineteen  epitopes  were  identified  which  differ 
with  respect  to  serological  specificity,  functional  activity  or  con- 
petetive  binding  of  KAbs.  Except  three  isolated  epitopes  il,  i2, 
and  13  these  cluster  to  form  three  non  overlapping  domains  termed  A, 
B,  and  C.  The  structural  properties  of  epitopes  were  assessed  by 
analyzing  the  effect  of  Chemical  modi  fications  (SDS-denaiuration, 
reduction  and  carboxymethylatlon,  performic  acid  oxidation,  pH  5.0, 
CN8r  and  trypsin  cleavage)  on  the  antigenic  reactivities  of  each 
'’Ft  tope.  Three  epitopes  of  the  domain  A  as  well  as  i 2  were  SOS  sen¬ 
sitive  •rf'ereas  all  others  were  SOS  resistant.  Reduction  ana  car- 
boxymethylation  abolished  the  antigenic  reactivities  of  all  epitopes 
of  the  d twain  8  and  also  t»o  SOS  resistant  epitopes  of  the  domain  ft, 
indicating  the  role  of  disulfide  bridges  in  stabilizing  the  confor¬ 
mation  of  these  epitopes.  Epitopes  of  the  detain  B  could  oe  loca¬ 
lized  on  a  9000  Dalton  trypsin  fragment  whereas  the  domain  C  could 
be  identified  on  CNBr  cleavaqe  products. 

Oeglycosylation  experiments  using  N-Glycanasef>  resulted  in  ae 
stabilizing  the  carDonydrate  containing  C-domain  so  that  V“>e  epi¬ 
topes  of  this  domain  were  no  longer  resistant  to  SOS  denaturation  or 
reduction  by  2-mercaptoet^anol , 

A  conformational  change  induced  Dy  low  ph  was  revealed  by  dif¬ 
ferences  of  protease  (trypsin  and  proteinase- k)  cleavage  maps,  '-><» 
conformational  change,  which  involved  the  epitopes  n f  domain  ft,  j; 
ahd  12  occurred  between  pH  6.0  and  5.5  with  the  tr-srolo  at  pm  \  j. 
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MATURATION  OF  THE  JE  E  ANJ)  NS1  GLYCOPROTEINS.  Fan 
Wufang  and  Peter  W.  Mason  ,  YAHU,  Dept,  of  Epidem. 
and  Public  Health,  Yale  U.  Scb.  Med.,  New  Haven,  CT. 

The  maturation  of  the  Japanese  encephalitis  virus 
(JE)  structural  (E)  and  nonatructural  (NS l ) 
glycoproteins  in  vertebrate  and  invertebrate  cell 
lines  was  investigated  in  order  to  help  define  the 
role  of  Che  NS1  protein.  E  and  NSl  were  released 
•lowly  (half-time  >  6  hr)  from  JE-infected  monkey 
cells  (Vero  cells).  Mosquito  cell  lines  released  E  at 
a  similar  rate,  whereas  NSl  was  retained  in  an 
undegraded  form  in  the  mosquito  cells.  The 
proteolytic  processing  of  these  proteins  appeared 
identical  in  both  cell  types,  hut  some  differences  in 
N-lioked  glycosylation  were  observed.  E  and  NSl  found 
within  vertebrate  and  invertebrate  cells  contained 
high-mannose  glycans  for  sore  than  8  hr  after 
synthesis.  Additional  sugar  residues  were  added  to 
Che  siogle  8  protein  glycan  pvior  to  release  from  Vero 
cells,  whereas  sugar  residuea  were  trimsd  from  the  K 
protein  glycan  prior  to  releaaa  from  mosquito  cells. 
The  forms  of  NSl  found  in  the  culture  fluid  of 
infected  Vero  cells  contained  one  complex  and  one 
high-mannose  glycan.  Tbasa  data  indicate  that  K  and 
NSl  accumulate  within  an  early  secretory  compartment 
of  the  infected  cell*  and  then  rapidly  proceed  through 
the  medial-  and  trane-Golgi  compartment  prior  to 
release  into  the  extracellular  fluid.  Tranaieat 
expression  experiments  showed  that  tech  of  these 
proteins  was  faithfully  processed  when  expressed  in 
isolation,  suggesting  that  tbeaa  protsins  contain 
signals  that  direct  them  to  specific  compartments  in 
the  infected  cell. 
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ANALYSIS  OF  THE  NONSTRUCTURAL  PROTEINS  OF 
THE  FLAVIVIRUS  WEST  NILE  VIRUS  (  WNV  ) 
Thomas  Nowak  *+  and  Gerd  Wengler, 

Institut  fur  Virologie,  Universitat 

GieBen,  F.R.G.  +present  address  : 

Behringwerke  AG,  Marburg,  F.R.G. 

The  primary  structure  of  the 

nonstructural  proteins  NS1,  NS2a,  NS2b, 
NS3,  NS4b  and  NS5  of  the  WNV  has  been 
determined.  The  nonstructural  proteins 
were  isolated  from  nuclear  membrane 
fraction  of  WNV  infected  BHK  cells. 
Aminoterminal  sequence  data  of  these 
purified  proteins  were  determined. 
Together  with  the  published  amino  acid 
sequence  of  the  nonstructural  coding  genom 
region  (  Castle  et  al.,  1986,  Virology 
149,  10-26  )  we  obtained  the  sequences  of 

the  nonstructural  proteins  NS1  (50  kD) , 
NS2a  (19  kD) ,  NS2b  (14  kD) ,  NS3  (70  kD) , 
NS4b  (27  kD)  and  NS 5  (97  kD) .  The  gene 

order,  the  sizes  of  the  virus  coded 
proteins  and  the  processing  of  the 
nonstructural  proteins  appears  to  be 
identical  between  the  flaviviruses. 


P  55 


THE  FUNCTION  OF  THE  SINDBIS  VIRUS  6K  PROTEIN 
Kerstin  Gaedigk-Nitschko*  and  Hilton  J. 

Schlesinger 

Washington  University  School  of  Medicine,  St.  Louis, 
Missouri,  USA. 

We  have  used  site-directed  mutagenesis  to  study  the 
role  of  the  Sindbis  virus  6K  protein.  The  6K  protein 
is  translated  as  part  of  the  structural  polyprotein 
and  was  previously  detected  on  membranes  of  virus  in¬ 
fected  cells.  The  protein  is  strongly  hydrophobic  and 
contains  5  cysteines  in  Its  sequence  of  55  amino  acids. 
We  detected  high  levels  of  fatty  acylation  in  the  6K 
protein  using  radiolabeled  palmitic  acid.  The  fatty 
acyl  groups  could  be  removed  by  neutral  hydroxy lam ine 
indicating  thiol  ester  linkage  to  cysteines. 

Potential  sites  for  fatty  acylation  In  the  6K  protein 
were  mutated  and  two  viable  mutants  were  obtained  -one 
with  a  single  cysteine  replaced  with  a  serine  and  one 
with  two  adjacent  cysteines  replaced  with  a  serine- 
alanine,  Both  mutants  are  distinct  from  wild  type  in 
the  following  properties:  (l)they  contain  less  fatty 
acid  in  the  6K  protein,  (2) they  contain  twice  as  much 
6K  protein  in  the  virion,  (3)based  on  plaque  assays, 
both  grow  poorly  in  mosquito  cells  but  equal  to  wild 
type  in  avian  cells,  (4) the  rate  of  release  of  mutant 
virus  particles  from  avian  cells  is  10-20%  that  of  wild 
type,  (5)the  specific  infectivity  (PFU/particle)  is 
4-8  fold  higher  for  the  mutants,  (6) the  uptake  of 
mutant  virus  is  faster. 

These  data  suggest  that  the  6K  protein  has  a  role  in 
virus  assembly  and  also  in  virus  structure. 
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IN  VIVO  PROCESSING  OP  DENGUE  2  VIRUS  NONSTRUCTURAL 
PROTEINS 

F.  Preugachat*  and  J,  H.  Strauss.  Division  of  Biology, 
California  Institute  of  Technology,  Pasadena,  CA  91125 
USA 

We  have  utilized  the  PATH  vector  series  to  produce 
Trp  E-dengue  nonstructural  protein  fusions.  The 
fusions  were  designed  to  be  specific  for  a  single 
nonstructural  protein.  Gel  purified  antigens  were 
injected  into  rabbits  to  elicit  production  of 
polyclonal  monospecific  antibodies.  These  antibodies 
were  used  to  study  the  processing  of  dengue 
nonstructural  proteins  in  various  cell  lines.  The 
intracellular  locations  of  thse  antigens  were 
determined  through  the  use  of  indirect  immuno¬ 
fluorescence.  Differences  in  both  the  rate  and  amount 
of  processing  of  nonstructural  proteins  were  observed 
in  permissive  cell  lines.  High  molecular  weight 
polyproteins  are  processed  into  mature  lower  molecular 
weight  products.  It  appears  that  cellular  enzymes  are 
intimately  involved  in  the  processing  of  dengue 
nonstructural  proteins  and  that  full-length  readthrough 
polyproteins  are  the  major  substrate  for  the  production 
of  mature  nonstructural  proteins. 
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THE  SPECIFICITY  OF  ASSEMBLY  OF  THE  NUCLE0CAPSID  OF 
SINDBIS  VIRUS 

Barbara  Weiss,  Hans  Nitschkv*  and  Sondra  Schlesinger 
Washington  University  School  of  Medicine,  Dept,  of 
Microbiology  and  Immunology,  St.  Louis,  Missouri, 

USA. 

We  developed  an  assay  that  permits  us  to  Identify  the 
sequences  in  the  Sindbis  virus  RNA  which  are  required 
for  the  binding  of  the  viral  capsid  protein  during  the 
first  steps  of  encapsidatlon. 

Purified  capsid  protein  was  immobil ized  on  nitro¬ 
cellulose  filters  and  probed  with  various  radiolabeled 
RNA's  transcribed  in  vitro  from  different  cDNA  clones. 
Using  this  method  we  were  able  to  Identify  a  region 
close  to  the  5'-end  of  the  Sirdbis  RNA  genome  which 
seems  to  contain  RNA  sequences  that  are  important  for 
the  specifiv  bxjiJiiig  of  the  viral  RNA  to  the  capsid 
protein. 

In  addition  we  were  able  to  demonstrate  In  in  vitro 
reassembly  experiments  that  homologous  genomic  RNA 
is  preferentially  encapsidated  In  the  presence  of 
nonhomologous  competitor  RNA's  to  form  nucleocapsid 
like  particles. 

This  work  was  supported  by  NIH  Grant  #  AI  11377. 
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RNA  SYNTHESIS  OF  JAPANESE  ENCEPHALITIS  VIRUS  AND 
EXPRESSION  OF  NS 5  IN  E.  OOl I. 

T.  Takegami  ,  2.  Edward  and  M.  Sahara 
Department  of  Tropical  Medicine 
Kanazawa  Medical  University 
Uchinada,  Ishikawa,  920-02  Japan 

Like  other  flaviviruaes,  Japanese  encephalitis  virus 
(JEV)  genomic  RNA  has  no  poly (A)  at  3‘  end  and  a  possi¬ 
bility  to  be  synthesized  in  a  different  manner.  Syn¬ 
thesis  of  viral  specific  RNA  in  JEV-infected  cells  was 
examined  by  the  hybridization  using  RNA  probes.  Minus 
probe  could  detect  negative  stranded  JEV-specific  42s 
RNA  in  the  cells  as  early  as  6hr  post  infection.  On  the 
other  hand,  the  amounts  of  positive  stranded  42S  RNA 
increased  according  to  time  course  of  viral  reproduc¬ 
tion.  The  positive  stranded  RNA  was  found  in  much 
greater  abundance  in  the  crude  membrane  fractions.  From 
the  data,  localization  of  negative  or  positive  stranded 
vRNA  in  the  cells  was  indicated.  It  was  also  found  that 
the  membrane  fraction  contained  large  amounts  of  non- 
structural  proteins ,  NS5  and  NS3.  These  results  were 
consistent  with  the  fact  that  the  membrane  fraction  had 
high  activity  of  in  vitro  RNA  synthesis. 

To  elucidate  the  function  of  NS5,  expression  of  NS5 
in  E .  coli  was  carried  out.  One  of  proteins  expressed 
in  E.  coli  (10GK  )  showed  the  same  mobility  in  SDS- 
polyacrylamide  gel  electrophoresis  as  a  native  NS5  in 
JEV-infected  cells.  Biological  activity  of  100K  pro¬ 
tein  is  being  investigated. 
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proibolytic  processing  of  the  hepatitis  a  VIRUS  P3 
POLYPRorrem. 

M.  Weitz,  Institute  for  Hygiene  and  Med.  Microbiology, 
University  of  Bern,  Switzerland 

A  putative  picomavirus  protease  3Cpro  was  predicted 
by  carputation  of  molecular  data  of  the  hepatitis  A 
virus  (HAV)  gencme  region  P3.  The  protease  was  expres¬ 
sed  by  various  means:  i)  cloning  of  P3  cDNA  into  a 
transcript ionsvector  and  subsequent  in  vitro  transla¬ 
tion  of  synthetic  transcripts  in  rabbit  reticulocyte 
lysates;  ii)  in  vitro  translation  of  HAV  RNA  purified 
fran  stool  specimens;  iii)  expression  of  P3  cDNA  in  a 
vaccinia/T7  hybrid  systen;  and  iv)  infection  of  cells 
in  culture  with  HAV.  Identification  of  P3  peptides 
was  achieved  with  antibodies  specific  for  VPg  and 
3Cpro  respectively.  Peptide  precursor /product  relation¬ 
ships  were  established  through  pulse- labeling  experi¬ 
ments.  Fran  the  results  we  conclude,  that  HAV  RNA 
codes  for  a  protease  3Cpro,  which  is  expressed  in  all 
systems  investigated.  Proteolytic  breakdown  of  P3 
polypeptide  precursors  in  the  in  vitro  systems  pro¬ 
ceeds  through  intermediates  that  are  expected  frcm 
the  putative  P3  structure.  However,  kinetics  of  syn¬ 
thetic,  and  more  important  degradative  events  diffe¬ 
red  significantly  among  the  various  systems.  Moreover, 
although  mature  3Cpro  was  generated  in  HAV  infected 
cells,  a  3Cpro  related  peptide  (52K)  was  detected 
that  does  not  correlate  with  the  putative  P3  structu¬ 
re,  and  might  therefore  be  iitplicated  in  inefficient 
replication  of  HAV  in  cell  culture. 
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STUDIES  ON  THE  RHINOVIRUS  14  3C  PROTEINASE 
DC  Orr*,  DS  Montgomery,  A  Weston,  JM  Cameron,  Glaxo 
Group  Research  Ltd,  Greenrord,  London,  England 

The  3C  proteins  of  several  pi cornavl ruses  have  been 
demonstrated  to  be  cysteine- type  protelnases,  involved 
in  processing  viral  polyproteins.  Nucleotide  sequencing 
data  indicated  that  the  rhlnovirus  genome  coded  for  a 
homologous  3C  protein.  The  HRV14  3C  protein,  cloned  and 
expressed  m  E.  coli,  was  purified  to  homogeneity  and 
assayed  against  various  cloned  viral  proteins.  It 
possessed  'in  trans'  proteolytic  activity,  cleaving  a 
CAT-VPg/3C  protein,  apparently  at  the  authentic  VPg/3C 
Junction.  Further  analysis  demonstrated  that  the  3C 
proteinase  was  released  from  a  precursor  polyprotein. 

The  HRV14  3C  protein  was  assayed  against  peptides 
corresponding  to  predicted  cleavage  sites  within  the 
polyprotein.  Peptides  representing  the  l B/iC,  2A/2B, 
2C/3A,  3A/3B,  38/3C  and  3C/3D  sites,  with  proteolysis 
predicted  to  occur  at  a  Gln-Gly  junction,  were  all 
processed  by  the  3C  protein.  Cleavage  was  specific, 
occurring  at  the  Gln-Gly  bond  within  the  peptide.  Pep¬ 
tides  corresponding  to  the  predicted  2B/2C  and  iC'ID 
cleavage  sites,  where  the  processing  was  presumed  to 
occur  at  a  Gin-Ala  or  Gly-Gly  bond  respectively,  were 
not  cleaved  by  preparations  of  the  3C  protein.  The 
ability  of  the  3C  proteinase  to  perform  the  polyprotein 
cleavages,  as  well  as  the  cleavages  of  the  synthetic 
peptides,  was  inhibited  if  a  Cys  l464Ser  mutation  was 
introduced.  This  data  coupled  with  information  from 
studies  with  known  protease  inhibitors,  using  the 
synthetic  peptides  as  substrates,  lead  to  the  conclusion 
that  the  HRV14  3C  protein  is  a  cysteine  proteinase. 

The  3C  proteinase  probably  plays  an  important  role  in 
replication  of  the  virus  and  thus  represents  a  potential 
target  for  antiviral  chemotherapy. 
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EXPRESSION  OF  PROTEASE  3C0  OF  POLIOVIRUS  TYPE  1  IN 

J.P.M.  Jore*,  M.  Verbakel-van  Dijk,  M.  Kottenhagen,  G. 
Veldhuisen  and  P.H.  Pouwels.  Medical  Biological 
Laboratory  TN0.  P.0.  Box  Lb,  2280  AA  Rijsvljk,  The 
Netherlands . 

Subunit  vaccines  are  a  promising  alternative  to 
attenuated  or  Inactivated  viral  vaccines.  Developments 
in  molecular  biology  and  in  particular  in  recombinant 
DNA  techniques  have  opened  new  ways  for  the  production 
of  these  viral  veccinee  eliminating  the  need  for 
production  of  large  quantities  of  the  viral  agent. 

In  view  of  our  Interest  in  producing  e  subunit 
vaccine  against  poliovirus  by  recombinant  DMA  techniques, 
use  has  been  made  of  S.  cerevlslae  for  the  synthesis  of 
capsid  proteins  VP2  and  PI  (1,2). 

As  one  of  the  criteria  for  authenticity  of  PI  thus 
obtained,  we  consider  the  capability  of  3CD  to  process 
PI  into  VPO,  Vp3  and  VP1  (3).  To  this  end  the  DNA 
fragment  encoding  3CD  w«s  cloned  from  pLOP315  (3)  end 
placed  in  a  veas t/E.  coll  shuttle  vector  under  regulation 
of  either  the  Cal?  or  tha  PfiK  promoter. 

Preliminary  reeulte  indicate  that  conatltutlve 
expression  of  3CD  is  lethal  to  the  yeast  calls  and  chat 
induced  expression  leads  to  email  amounts  of  an  active 
enzyme . 

(1)  Verbakel  at  el.  (1987).  Gene  61,  207-21S. 

(2)  Verbakel  et  al.  (1988).  Life  Science  Advances: 

Molecular  genetics  1. 

(3)  Jore  et  al .  (1988).  J.  gen.  Virol.  69,  1627-1636. 


33 


P  61 


IN  VrTRQ  CHARACTERIZATION  OF  RHINOVIRUS  (SEROTYPE  2)  PROTEINASE  2A 
UTILIZING  A  SPECIFIC  CLEAVAGE  ACTIVITY  ON  SYNTHETIC  PEPTIDE  SUBSTRATES 
W.  Sommcrgfubef**.  F.  Fcssl1.  P.  Volkmann1.  M.  Vetter1.  I.  Maurer-Fogy1.  P.  PaJIar, 
T.  Skem*.  D.  Olaas*  and  E.  KOchleA 

1 .  EffUl  Dochringcr  Instilul  filr  Araneimiticlforschung, 

Of.  BochrinjergafK  5-11.  A  1120  Vienna.  Austria 

2.  Boehringcr  Ingelhcim  Pharmaceulicali.  Ine..  90  East  Ridge. 

P.O.  Box  36*.  Ridgefield.  Connecticut  06*77.  USA 

3.  Imtuui  fit*  fliochcmie  tier  Univcrtitll  Wien.  WjhringcMiraUc  17. 

A  1090  Vienna,  Austria 

Proteolytic  processing  of  the  polyprotcin  of  human  rhinovirusci  if  earned 
out  by  the  products  of  the  viral  genei  2A  and  3C.  Protease  2A  if  responsible  for 
initial  cleavage  of  the  polyprotcin  and  possibly  oecoting  co-uanslationally  at  the 
Y'Pl  and  2A  regions. 

We  present  an  in  vitro  "Irani  assay"  based  on  the  cleavage  of  an 
oligopeptide  substrate  thus  providing  a  convenient  test-system  in  which  the 
conditions  could  t>e  more  exactly  controlled. 

On  exprcuioit  of  the  VP1-2A  region  of  HRV2  in  bacteria,  protein  2A  was 
capable  of  acting  on  its  own  N-tcrminus;  extract!  derived  of  expression  systems 
for  mature  protease  2A  (pE»2A)  specifically  cleaved  a  16  amino  acid  oligopeptide 
(Ac-TRPIITTAGPSDMYVH)  corresponding  to  the  sequence  at  the  in  vivo  cleavage 
Site  (Ala/Gly).  Constructions  which  did  not  cleave  the  VP1-2A  substrate  in  the 
bacterial  system  (e.g.  point  mutations  in  the  putative  active  site  of  2A)  were  also 
inactive  with  the  peptide,  indicating  that  this  part  of  2A  wat  indeed  responsible 
for  proteolysis.  Surprisingly  no  cleavage  of  peptides  could  be  found  with  extract! 
of  an  original  construction  (pE*l*52l)  formerly  used  to  demonstrate  the 
proteolytic  activity  of  2A  in  a  bacterial  system.  This  provides  evidence  that  the 
original  cleavage  in  the  bacterial  system  was  an  intramolecular  event.  The 
inability  of  the  2A  part  of  pEa  18521  to  act  in  Iran;  is  probably  due  to  the 
presence  of  2B  and  vector  derived  sequences  at  the  carboiy  terminus  which 
reduces  the  solubility  of  2A  and  thus  prevents  intcrmoleeulv  activity.  The  t»o 
expression  systems  (pEx2A  and  pEx]852l)  are  thus  complementary  and  allow  the 
effects  of  mutations  to  be  examined  both  on  cleavage  in  gig  and  in  irans. 

Furthermore,  the  peptide  assay  was  ustd  to  study  the  efficiency  of  trans  eleavage 
using  peptides  with  different  lengths  or  amino  acid  compositions  and  to  examine 
the  influence  of  various  conditions  (e.g.  taliconccniration.  detetgenis. 
tcmpcraiure,  pH  etc.)  on  the  trans  activity  of  2A. 
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IDENTIFICATION  AT©  FUNCTION  OF  RUBELLA  VIRUS  E2  SIGNAL  SEQUENCE  IN 
TtC  TRANSLOCATION  Ah©  CLEAVAGE  Cf  TtC  P0LYPR0TEIN.  Christian  Qker- 
81am*,  Oonald  L.  Jarvis,  and  Max  D.  xjmnerrs.  Texas  A6M  University, 

Oept.  or  Entomology,  College  Station,  Tx. 

The  structural  proteins  of  rubella  virus  (RV)  are  translated  as  a 
polyprotein  (pi  10)  that  is  processed  to  produce  the  virion  compo¬ 
nents,  C,  E2,  and  El.  The  precise  processing  mecnanism  has  not  been 
eltxidated;  however.  It  "ust  Included  at  least  two  proteolytic 
cleavages,  to  release  the  indlvit»jal  virion  ccmponer.ts  Tram  the  po¬ 
lyprotein,  and  it  must  provide  for  their  dichotomous  intracellular 
distribution.  The  capsid  protein,  C,  remains  in  the  cytoplasm,  where 
it  participates  in  nucleocapsid  formation,  while  the  envelope  glyco¬ 
proteins,  £2  and  El,  enter  the  secretory  pathway,  are  N-glycosylat- 
ed,  cleaved,  and  transported  to  the  plasma  membrane.  Sequence  analy¬ 
sis  of  the  26S  nflNA  encoding  the  polyprotein  precursor  suggests  that 
both  E2  and  El  are  preceded  by  signal  peptides  for  translocation 
across  the  membrane  of  the  rough  endoplasmic  reticulum.  A  recent 
study  has  provided  direct  evidence  that  the  putative  signal  peptide 
preceding  El  can,  in  fact,  mediate  translocation  of  El  (Henman  et 
al.,  J. Virol.  62:6259-4266,  1989).  In  this  study,  we  used  the  bacu- 
lovirus  expression  vector  to  farther  examine  the  processing  of  the 
RV  glycoproteins.  A  mutant  polyprotein  lacking  the  putative  E2  sig¬ 
nal  peptide,  but  containing  the  El  signal  peptide,  was  not  cleaved 
or  glycosylated;  instead,  it  probably  was  degraded  in  the  cytoplasm. 
This  suggested  that  the  putative  signal  peptide  preceding  E2  is 
functional,  and  Is  required  for  efficient  processing  of  the  polypro- 
teln.  This  conclusion  was  confirmed  and  extended  by  in  vitro  trans¬ 
location  experiments,  using  a  manna 11 an  cell-free  system.  Again,  the 
results  showed  that  the  E2  signal  peptide  is  required  for  transloca¬ 
tion  of  the  E2-E1  polyprotein.  The  E2  signal  peptide  appears  to  be 
autonomous,  as  it  mediated  translocation  of  E2  in  absence  of  the  El 
signal  peptide.  T,*se  experiments  revealed  that  cleavage  of  the 
E2/E1  polyprotein  requires:  (1)  the  signal  peptide  preceding  E2,  (2) 
microsomal  emmbranes,  and  (3)  sequences  beyond  the  proximal  one-half 
of  the  El  signal  peptide.  This  suggests  that  the  proteolytic  cleav¬ 
age  that  separates  E2  and  El  is  performed  by  the  cellular  enzyme, 
signal  peptidase. 
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PROCESSING  OF  THE  STRUCTURAL  PROTEINS  OF  YELLOW  FEVER 
VIRUS. 

P.Despres  ,  A.Ruiz-Linares,  A.Cahour,  J. Dietrich, 

M. Girard  and  M.Bouloy.  Institut  Pasteur,  Molecular 
Virology  Unit  CNRS  UA  545,  Paris,  France 


The  genome  of  the  yellow  fever  flavivirus  (17D-204 
vaccine  strain)  is  composed  of  a  single  large  open 
reading  frame  of  10233  nucleotides  coding  for  the 
precursor  to  the  structural  and  nonstructural  proteins. 
To  analyze  the  processing  of  the  polyprotein  which 
generates  the  structural  proteins,  the  corresponding 
cDNA  was  inserted  downstream  of  the  T7  bacteriophage 
promoter.  RNA  transcripts  synthetized  in  vitro  were 
translated  in  reticulocyte  lysate.  In  the  absence  of 
membranes,  no  processing  occurred.  When  microsomal 
membranes  were  added,  proteins  prM  and  E  were  translo¬ 
cated.  The  signals  essential  for  translocation  were 
localized. 

These  results  were  confirmed  in  Spodoptera  cells 
infected  with  recombinant  baculoviruses.  The  processing 
of  the  nonstructural  protein  NSi  is  also  being  analyzed 
in  this  eukaryotic  expression  system  by  immunoblot, 
immunoprecipitation  and  pulse  chase  experiments.  When 
proteins  E  and  NSi  are  expressed  in  tandem,  both 
proteins  are  translocated  but  the  precursor  is  incom¬ 
pletely  processed  . 
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INDIVIDUAL  AND  COORDINATE  EXPRESSION  OF  RUBELLA  VIRUS 
STRUCTURAL  PROTEINS  IN  COS  CELLS. 

Tom  C.  Hobnun*  and  Shirley  Glllam,  Oept.  of  Pathology, 
University  of  British  Columbia,  Vancouver,  B.C.,  Canada. 

Rubella  virus  (RV)  virions  contain  three  structural 
proteins  C,  E2  and  El  which  are  derived  by 
posttranslatlonal  processing  of  a  polyprotein  precursor. 
C  or  capsid  protein  Is  a  hydrophilic  protein  which  binds 
to  genomic  RNA  to  form  nucTeocapsids,  and  El  and  E2  are 
membrane  glycoproteins  forming  the  spike  complexes  on 
the  virion  exterior.  In  order  to  study  the  processing 
of  RV  structural  proteins  and  Its  relation  to 
Infectlvlty  and  viral  assembly,  we  have  constructed  RV 
cDNAs  which  when  transfected  Into  COS  cells,  allow 
Individual  and  coordinate  expression  of  the  structural 
antigens.  Using  oligonucleotide-directed  mutagenesis 
we  have  located  sequences  which  affect  targeting  and 
transport  of  the  RV  proteins.  Ve  also  are  using  this 
technique  to  map  the  occupied  N-lInked  glycosylatton 
sites  In  El  and  E2.  Immunofluorescence  studies  (n 
transfected  COS  cells  demonstrated  £2  Is  transported  to 
the  plasma  membrane  In  the  absence  of  El.  Translocation 
of  E2  Into  the  endoplasmic  reticulum,  passage  through 
the  Golgi  apparatus  and  to  the  cell  surface  appears  to 
be  similar  to  that  of  Semllkl  Forest  virus  p62/E2 
glycoprotein  In  that  El  Is  not  required  for  these 
events.  Although  El  Is  not  required  for  the  transport 
of  E2  through  the  exocytlc  pathway,  we  have  found  that 
the  rate  of  transport  Is  slower  In  the  absence  of  El. 
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BIOSYNTHESIS  AND  FUNCTION  OF  CORONAVIRUS  SPIKE  PROTEIN 
H.  Vennema*,  L.  Heijnen,  M.C.  Horzinek,  P.J.N.  Rottier 
and  W..I.N.  Spaan.  Institute  of  Virology,  Yalelaan  1, 
3584  CL  Utrecht,  The  Netherlands. 

In  coronavirus  infected  cells  the  spike  protein  (S) 
is  synthesized  and  glycosylated  on  RER  membranes.  In 
transitional  elements  between  ER  and  Golgi  membranes  the 
S  protein  is  incorporated  into  budding  virions.  Virions 
are  transported  through  the  Golgi  apparatus  and 
secreted.  During  intracellular  transport  the 
oligosaccharide  side  chains  are  processed  which  makes 
the  S  protein  maximally  resistant  to  digestion  by 
er.doglycosidase  H  (endo  H) .  A  fraction  of  the  S  protein 
is  not  incorporated  in  virions  and  is  probably 
transported  to  the  cell  surface.  The  biosynthesis  and 
function  of  the  S  protein  was  studied  in  coronavirus 
infected  cells  and  in  cells  infected  with  recombinant 
vaccinia  viruses  expressing  the  S  genes  of  IBV,  MIIV  and 
FII'V .  By  biochemical  analysis  of  intracellular  transport 
using  pulse  chase  labeling  of  S  protein  and  endo  H 
digestion  it  was  found  that  the  recombinant  expression 
products  are  transported  more  slowly  to  the  trans  Golgi 
cisterna  than  their  counterparts  in  coronavirus  infected 
cells.  Syncytia  formation  was  observed  in  cells 
expressing  recombinant  S  proteins.  Cell  fusion  was 
restricted  to  feline  and  murine  cells  for  the  FIPV  and 
MHV  S  proteins,  respectively. 

We  propose  that  the  difference  in  transport  rate  is 
due  to  the  incorporation  in  virus  particles.  The  slow 
transport  of  S  protein  may  he  interpreted  as  transient 
accumulation  at  or  near  the  9ite  of  budding  to  allow 
efficient  incorporation  into  budding  virions  or  to 
localize  the  budding  event  itself.  The  cell  fusion  data 
suggest  that  a  specific  interaction  with  a  putative  cell 
receptor  is  necessary  to  trigger  cell-cell  fusion. 
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MULTIVALENT  INTERACTION  BINDS  SFV  SPIKES 
TO  THE  NUCLEOCAPSID 

Kalervo  Metsikkfi"  and  Henrik  Garoff.  Dept,  of  Molecular 
Biology.  Huddinge  Univ.  Hosp  .Karolinska  Institute.Sweden 
The  spikes  of  SFV  are  composed  of  two  polypeptide 
chains  (El  and  E2)  which  span  the  lipid  envelope,  and  a 
third  peripheral  polypeptide  (E3).  Only  the  E2  polypeptide 
possesses  a  cytoplasmic  tail.  A  recent  approach  using 
idotypic  network  antibodies  shows  that  this  cytoplasmic  tail 
and  the  nucleocapsid  have  complementary  surfaces  (Vaux 
et  al.,  Nature  336,  36-41,  1988).  suggesting  an  interaction 
between  these  two  entities.  We  have  analysed  this 
postulated  interaction  by  direct  biochemical  assays  using  a 
synthetic  peptide  corresponding  to  the  amino  acid 
sequence  ol  the  E2  tail.  This  peptide  formed  oligomers  in 
aqueous  solution.  Western  blotting  of  the  different  peptide 
forms  with  35S-labeled  nucleocapsid  showed  that  mainly  the 
oligomers  bound  radioactivity.  Because  during  budding 
obviously  multipoint  interactions  mediate  binding,  we 
attached  the  peptide  to  a  solid  matrix  by  bridging  it  to 
Pansorbin  via  antibodies  recognizing  the  C-terminal 
segment  of  the  peptide.  This  matrix  bound  the  nucleocapsid 
efficiently  and  tightly.  Excess  of  soluble  peptide  partially 
displaced  the  binding.  Furthermore,  SFV  glycoproteins 
bridged  to  Pansorbin  via  a  monoclonal  antibody  against  the 
E2  luminal  portion  bound  the  viral  nucleocapsid  efficiently  in 
a  solution  containing  Trition  X-100  where  soluble  spikes  did 
not  bind.  These  results  provide  biochemical  prool  lor  an 
interaction.  We  suggest  that  multipoint  attachment  is  needed 
to  obtain  stable  spike's  tail-nucleocapsid  binding. 
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SPECIFICITY  OP  ENZYME-SUBSTRATE  INTERACTIONS  IN  FOOT- 
AND-MOUTH  DISEASE  VIRUS  POLYPROTEIN  PROCESSING 
Marcia  D  Ryan,*  Graham  J  Belsham  and  Andrew  M  Q  King 
AFRC  Inst,  for  Animal  Health,  Plrbrlght  Lab.,  Ash  Road, 
Plrbrlght,  Woking,  Surrey  GU24  ONF,  U.K. 

Transcripts  derived  from  a  series  of  PMDV  cDNA 
constructs  were  translated  in  a  rabbit  reticulocyte 
lysate  system.  Processing  by  the  L  proteinase  at  the 
L/1A  cleavage  alte  occured  when  most  of  the  P1-2A 
protein  was  absent.  Substitution  of  sequences  up¬ 
stream  of  the  2C/3A  cleavage  site  showed  that  the  3C 
proteinase  was  also  able  to  cleave  at  an  entirely  novel 
cleavage  site,  apparently  at  K-I  amino  acid  pairs. 
Cleavage  at  the  2A/2B  site  was  not  only  Independent  of 
L  and  3C  protelnases,  but  occured  when  2A  and  as  few 
as  four  2B  N-termlnal  amino  acidB  were  present. 

Removal  of  the  C-terminal  regions  of  P1-2A  and  2BC 
precursors  impaired  their  ability  to  act  as  substrates 
for  3C  proteinase  activity.  Thus,  primary  processing 
activities  were  resistant  to  changes  adjacent  to,  or 
at,  the  site  of  cleavage  whereas  secondary  processing 
In  trana  was  sensitive  to  changes  at  remote  sites. 
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AlWPOimyTJC  ACTIVITY  OF  RECOMBINANT  3C  PROTEASE  OF 
HEPATITIS  A  VIRUS  (HAV) 

Verena  Gauss-Mul ler*,  Rainer  Deutzmann0 

*Med. Microbiol. ,  Univ.Lubeck,  FRG,  “Inst.Biochem. . 

Univ.Regenburg,  FRG 

Picornaviral  RNAs  encode  a  single  long  open  read¬ 
ing  frame  representing  a  polypeptide  of  approximately 
200  kd.  Translation  of  virion  RNA  produces  precursor 
proteins  which  are  subsequently  cleaved  in  a  series  of 
processing  steps  to  yield  the  mature  viral  structural 
and  functional  proteins.  Comparison  of  the  deduced  ami¬ 
no  acid  sequence  of  HAV  with  other  picornavlrus  Indi¬ 
cates  that  3C  of  HAV  Is  a  cyst-iine  protease.  In  order  to 
study  its  substrate  specificity  the  genomic  region  of 
3C  was  expressed  as  protein  fused  to  (1-galactosldase  in 
E.coli  using  the  pUC  and  pUR  vectors.  Extracts  of 
transformed  bacteria  were  tested  for  3C  antigenicity  by 
immunoblot.  Next  to  the  expected  fusion  protein  of 
about  150  kd  proteins  of  28,  26  and  17  kd  were  detected 
by  an  antipeptide  serjm.  The  N-terminal  amino  acid  se¬ 
quence  of  the  28  and  17  kd  protein  were  determined.  The 
data  suggest  that  transformed  bacteria  produce  an  auto- 
proteolytically  active  protease  and  a  polypeptide  pro¬ 
duced  by  internal  initiation  of  translation.  The  recom¬ 
binant  protease  (28  kd)  induced  antisera  which  were  not 
able  to  detect  3C  in  Infected  cells  but  reacted  with 
proteins  translated  from  synthetic  RNA.  The  recombinant 
protein  was  insoluble  and  no  transactivity  could  be 
measured  when  recombinant,  proteins  or  translation  pro¬ 
ducts  were  used  as  substrates. 
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EXPRESSION  OF  THE  GLYCOPROTEIN  E  OF  THE 
TICK-  BORNE  ENCEPHALITIS-  VIRUS  IN 
E.  COL I 

W.Tuma,  F.X.Haint,  C.Kuni. 

Institute  of  Virology,  University  of 
Vienna,  Austria. 

The  gene  of  the  glycoprotein  E  of  the 
tick-  borne  encephalitis  virus  (TBE) 
was  expressed  in  E.coli  using  the 
plasmid  expression  systea  PEX-34.  In 
this  system  the  protein  is  fused  to  the 
MS2  polynerase . 

20  aonoclonal  antibodies  (mAbs)  raised 
against  the  virus  E  protein  were  used 
to  analyse  the  anti-genic  structure  of 
the  fusion  protein  and  to  determine 
which  epitopes  are  expressed.  It  could 
be  shown  that  all  mAbs,  except  two  of 
the  domain  A,  reacted  in  the  same  way 
with  the  fusion  protein  and  the  virus 
protein  E. 

In  order  to  localise  more  precisely 
those  epitopes,  defined  by  non¬ 
neutralising  mAbs ,  fragments  of  the  E- 
gene  were  expressed  and  the  resulting 
proteins  were  analysed  with  the  mAbs. 
It  could  be  shown  that  one  epitope  (II) 
is  located  within  the  34  amino-terminal 
amino  acids  of  the  E  protein. 


"Detection  of  Virus-specific  IqM  Antibodies  in  Patients 
with  an  acute  Coxsackievirus-B-Infection  by  p-Westem 
Blot  Technique" 

M.R.Zuniqe,  J.Reicnardt,  M.Rogpendorf ,  H.W.Doerr 
Department  of  medical  Virology,  Centre  of  Hygiene 
University  Clinics  Francfort 

Current  laboratory  diagnosis  of  a  CSV  (Coxsackie-B- 
Virus)  infection  is  mainly  based  on  virus  isolation, 
supported  by  the  detection  of  rising  or  high  virus- 
specific  neutralizing  antibody  titres.  Since  such  high 
titres  have  also  been  found  in  apparently  healthy 
people  -  probably  arised  by  subclinical  infection  and 
persisting  for  a  year  or  more-  CBV-IgM  detection  seems 
to  be  a  more  reliable  criteria  for  serological  diag¬ 
nosis.  Since  IgM  antibodies  capture  assays  have  also 
limitations,  we  tried  to  develop  a  type-specific  tech¬ 
nique,  an  improved  micro-western  blot  (p-WB)  -using  a 
diffusion-blot  and  subsequent  immunodetection  with 
biotin-avidin  amplified  reactions-  which  enables  a 
rapid  and  reliable  identification  of  CBV-IgM  antibodies. 
IgM  responses  found  by  this  test  were  mostly  type-pre¬ 
dominant  and  group-reactive  to  CBV1,  CBV2  and  CBV4. 


DETECTION  AND  DIFFERENT IAT ION  OF  TICK-BORNE  ENCEPHALI¬ 
TIS  VIRUS  STRAINS  BY  NUCLEIC  ACID  SPOT  HYBRIDIZATION. 
Alexander  G.  Pletnev*,  Vladimir  A.  Shamamn,  and 
Vladimir  1.  Zlobin.  Novosibirsk  Institute  of  Bioorga- 
nic  Chemistry,  630090  Novosibirsk  90,  USSR. 

Nucleic  acid  spot  hybridization  with  cloned  tick- 
borne  encephalitis  virus  (IBEV,  Far  Eastern  strain 
Sofjin)  cDNA  was  used  for  detection  of  the  viral  RNA. 
Detection  limit  of  the  test  with  /'rf- label  led  TBEV 
cDNA  as  a  probe  was  TO  pg  Sofjin  RNA.  The  assay  detec¬ 
ted  different  freshly  isolated  as  well  as  prototype 
virus  strains,  the  detection  limit  being  4. 3-7.5  lg 
LDrfl  units  of  infectious  virus  (mice  intracerebral 
infection).  The  probe  cross-reacted  with  viruses  of 
TBE  subgroup  and  didn’t  react  with  noo-related  flavi- 
vi ruses  of  Japanese  encephalitis  and  Dengue  sub¬ 
groups.  The  viruses  of  TBE  sub-group  were  differenti¬ 
ated  from  virus  5ofjin  by  the  melting  temperature  of 
RNA-DNA  hybrids. 

Field  collected  ticks  were  tested  for  presence  of 
IBEV  RNA.  Results  of  hybridization  were  in  a  good 
nqreement  with  ELISA  and  virus  isolation  data. 

Synthetic  deoxyol igonucleot ides  complementary  to 
TBEV  (Sofjin)  genome  RNA  were  used  to  differentiate 
TBEV  strains  and  related  viruses  of  TBE  sub-group  iso¬ 
lated  from  different  geographical  areas.  These  probes 
revealed  genetic  heteroqeneity  of  TBEV  strains.  Number 
of  ol igonucleotide3  hybridizing  with  a  paticular  virus 
was  assumed  as  a  quant  it  at ive  measure  of  similarity  to 
virus  Snfjin.  A  pattern  of  hybridization  of  TBEV 
strains  with  a  panel  of  oligonucleotide  probes  corre¬ 
lated  signi firant ’y  with  the  source  of  virus  strain 
(strains  isolated  from  patients  versus  ones  isolated 
from  ticks),  and  correlated  only  to  a  3mall  extent 
with  the  geographical  distribution. 


CORRELATION  BETWEEN  THE  LOCALISATION  OF  VIRAL 
ANTIGENS  AND  FLAV I VIRUS -INDUCED  STRUCTURES 
Mah  Lee  Ng.  Dept,  of  Microbiology,  National 
University  of  Singapore,  Kent  Ridge  0511,  Singapore. 

Studies  on  several  flavivirus  infections  in  Vero 
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structure.  This  structure  was  coined  as  the  vesicle. 
The  vesicles  are  smooth  membrane  structures  of 
60-80  nm  in  diameter.  Consistently  enclosed  within 
these  vesicles  was  a  'thread-like'  structure.  These 
'threads’  have  been  postulated  to  be  progeny  viral 
RNA.  In  Kunjin  virus  infection  it  was  observed  that 
these  vesicles  appeared  at  about  10  hr  p.i.  Their 
nunbers  increased  exponentially  until  24  hr  p.i. 

After  28  hr  p.i.,  these  vesicles  were  without  their 
’thread'  enclosures.  This  observation  was  also  seen 
with  West  Nile,  Dengue-2,  Japanese  and  Murray  Valley 
encephalitis  viruses  although  at  different  times 
after  infection.  The  cell  microtubules  were  also 
rearranged  in  Kunjin  and  West  Nile  virus  infections. 
Using  l inrun of 1  uorescence  studies  the  NS 3  protein  was 
found  to  be  affiliated  with  the  microtubules. 
Immunogold  technique  revealed  the  NS 3  and  NS1 
proteins  to  be  diffused  throughout  the  cytoplasm  but 
the  E  protein  was  present  in  sparse  quantity  in  the 
cytoplasm.  The  NS3  protein  was  also  seen  located 
evenlv  along  the  plasma  membrane  but  only  clumped 
deposits  were  seen  for  NS1  and  E  proteins.  However 
none  of  these  proteins  were  associated  with  the 
virus- induced  vesicles  and  their  'thread*  enclosures. 
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ASPARAGINE-LINKED  OLIGOSACCHARIDES  OF  SEMLIKI 
FOREST  VIRUS  GROWN  IN  MOSQUITO  CELLS  TREATED 
WITH  INHIBITORS  OF  N-LINKED  OLIGOSACCHARIDE 
TRIMMING 

Hussein  Y.  Naim*  and  Hans  Koblet;  Institute  of 
Hygiene  and  Medical  Microbiology,  University 
of  Berne,  Switzerland 

An  increasing  interest  in  glycoproteins 
and  their  carbohydrate  moieties  has  led  to  the 
development  of  numerous  techniques  for  the 
preparation  of  glycopeptides  and  oligosaccha¬ 
rides.  Semliki  Forest  virus  (SFV)  is  a  good 
model  for  such  analysis.  Previously,  we  have 
shown  that  in  cells  treated  with  trimming 
inhibitors,  Endo-H  sensitive  glycans  were 
formed,  and  the  produced  virions  were  bio¬ 
logically  active.  In  the  present  study  we  have 
analysed  the  carbohydrate  side  chains  of  SFV- 
envelope  glycoproteins,  after  treatment  of 
Aedes  albopictus  cells  with  1-deoxynojiri- 
mycin(dNM),  deoxymanno jirimycin  (dMM)  or  swai- 
nsonine  (Sw).  In  vertebrate  cells  these  drugs 
inhibit  the  action  of  glucosidases  I, II  and 
mannosidases  I  and  II  respectively. 

Our  results  show  inhibitor  dependent  glyco- 
sylation  of  the  produced  virions.  When  cells 
were  treated  with  dNM,  the  oligosaccharides 
Glc3ManB_9GlcNAc  were  detected;  and  with  Sw, 
Man-?  - sGlcNAc  were  formed;  finally,  structures 
such  as  Mana-^GlcNAc  could  be  found  when  cells 
were  treated  with  dMM. 


P  75 


SIMULTANEOUS  QUANTITATIVE  DETECTION  Or  MULTIPLE  PLANT 
l  I  PUSES  BV  1 IME-RESOL  LED  f‘L  UORO I MMUNO  ASS  A  Y 
Mart  Saarma*,  Elena  Andreeva,  Riivo  Sinijarv  and  Lilian 
Jarvekulg.  Institute  of  Chem. Physics  4  Biophysics, 

!  c'ian  Acad.Sci.,  200026  Tallinn,  Estonia/USSfl 

Simultaneous  detection  of  two  or  more  antigens  in 
one  sample  is  of  considerable  interest  in  many  research 
areas  and  in  routine  diagnostic  work.  Hosts  are  often 
infecttd  by  several  viruses  at  the  same  time  and  simul¬ 
taneous  defection  of  two  or  more  viruses  is  advantageous 
Potato  plants  have  often  single  or  multiple  infection 
with  potato  virus  X(PVX),  M(PVM),  S(PVS),  A(PVA)  and 
potato  leafroll  virus  (PLRV).  Thus,  large  scale,  rou¬ 
tine  virus  detection  in  potato  plants  requires  at  least 
six  independent  DAS  ELISA  assays  for  a  single  plant 
specimen.  Sensitive  time-resolved  f luoroimmunoas3ay 
I.1R-EIA)  with  lanthanide-labelled  antibodies  opens  up 
the  possibility  for  multiple  labelling,  since  fluores¬ 
cent  lanthanides  Eu3+,  Tb3+,  Sm3+  and  Dy 3+  have  narrow 
handed  emission  lines  clearly  distinguishable  from  each 
other,  tor  simultaneous  quantitative  detection  of  two 
antigens  in  one  sample,  monoclonal  antibody  (MAb)  to  PVM 
was  labelled  with  a  lanthanide  Cu3+  and  MAb  to  PVX  with 
another  lanthanide  5m3+.  A  mixture  of  these  MAbs  was 
used  for  coating  and  the  labelled  MAbs  were  used  as  a 
conjugate.  After  performing  the  immunoreactions,  the 
fluorescence  of  the  dissociated  lanthanides  was  measured 
at  different  wavelenghs  in  a  time-resolved  fluorometer 
to  quantify  PVM  Bnd  PVX  amount  in  a  sample.  Double-label 
IR-flA  detected  lng/ml  of  each  virus  in  a  single  assay. 
Triple-label  TR-FIA,  where  Eu3*,  Tb3+  and  Sm3-»—  labelled 
MAbs  were  used,  detected  lOng/ml  of  each  potato  virus 
simultaneously .  Thg9,  the  quantitative  double-  end 
triple-label  TR-EIA  is  at  least  as  sensitive  aa  ELISA. 
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TRANSMISSION  OF  HEPATITIS. E  VIRUS  TO  OWL  MCNKEYS  (ACTUS 
TRIVIGATUS) .  J  Ticehurst*  ,  L  Rhodes2,  K  Krawczynski3 , 

L  Asher  ,  W  Engler  ,  J  Caudill1  m  Sjogren1,  C  Hoke1,  J 
LeIXic2,  D  Bradley3,  L  Binn.  waiter  Reed  Army  Inst 
Res,  2 US  Army  Res  Inst  Infect  Dis,  3Ctrs  Dis  Control, 
^Aomed  Forces  Inst  Path,  USA 

Hepatitis  E  virus  (HEV),  a  proposed  designation  for 
the  agent  of  en ter ically- transmit ted  non- A,  non-B 
hepatitis,  is  a  positive- strand  RNA  virus  that  has 
caused  disease  in  both  hemispheres  and  in  populations 
likely  to  have  been  infected  with  many  enteric  viruses 
during  childhood.  It  has  been  difficult  to  establish 
animal  models  of  HEV  infection;  among  several 
susceptible  species  of  primates,  cynamolgus  monkeys 
have  been  the  most  useful.  Efforts  to  understand  the 
virus  and  its  epidemiology  have  been  hampered  by 
limited  amounts  of  HEV  and  by  low  concentrations  of 
anti -HEV  in  most  convalescent -phase  sera.  We 
inoculated  6  owl  monkeys  with  feces  from  Mexico  known 
to  contain  infectious  HEV.  All  seroc onver ted  and  had 
high  levels  of  anti -HEV  (detected  by  I  EM)  6  months 
after  inoculation.  Three  had  biochemical  and 
histopathologic  evidence  of  hepatitis,  but  HEV  was  not 
detected  in  their  feces  by  I EM.  HEV  antigen  was 
detected  by  urniunof luorescence  analysis  of  livti  tissue 
from  2  of  4  biopsied  owl  monkeys .  (All  5  cynamolgus 
monkeys  given  the  same  inoculum  developed  hepatitis; 
one ,  studied  in  detail,  serocon verted,  had  HEV  antigen 
in  liver,  and  excreted  HEV  particles  into  bile  and 
feces.)  Although  these  owl  monkeys  did  not  excrete 
detectable  HEV  or  uniformly  develop  hepatitis,  all  were 
infected  and  developed  sustained  high-level  antibody 
responses  that  may  be  valuable  understanding 
immunity  to  HEV  and  for  developing  rapid  irmunoassays . 
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NUCLEAR  ACCUMULATION  OF  DELIVERED  SEMLIKI 
FOREST  VIRUS  CAPSID  PROTEIN. 

M.R.  Michel*,  M.  Elgizoli,  Y.  Dai,  and  H. 
Koblet;  Institute  of  Hygiene  and  Medical 
Microbiolo^/ ,  Univ.  of  Berne,  Switzerland. 

As  shown  elsewhere,  capsid  (C  'protein  of 
Semliki  Forest  virus  transferred  into  various 
target  cells  by  electroporation ,  liposome,  and 
red-cell-ghost  mediated  delivery  affects 
protein  synthesis  in  a  pleiotropic  fashion 
(Elgizoli  et  al.,  J.  Virol.,  in  press).  Small 
amounts  <10*  to  10*  copies  per  cell)  induce 
the  synthesis  of  specific  M,.  classes  of 
cellular  proteins,  whereas  high  amounts  (10* 
to  10*  copies  per  cell)  act  as  a  general 
synthesis  inhibitor.  Here  we  show  that  similar 
to  induction,  repression  of  protein  synthesis 
lasted  only  for  about  two  hours  after  delivery 
of  C-protein.  The  repression  was  followed 
thereafter  by  an  unexpected,  short  lived 
induction  of  protein  synthesis.  Evidence  is 
presented  showing  that  delivery  of  C-protein 
into  the  cytosolic  compartment  resulted  in  its 
rapid  confinement  to  the  nucleus  at  the 
expense  of  C-protein  present  in  the  cytoplasm. 
In  addition,  morphological  studies  as  well  as 
subnuclear  fractionation  revealed  that  the 
majority  of  the  delivered  C-protein  molecules 
had  a  high  affinity  for  nucleoli. 
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TRYPSIN  SENSITIVITY  OF  SEVERAL  HUMAN  RHINO- 
VIRUS  SEROTYPES  IN  THEIR  LOW  pH-INDUCED  CON¬ 
FORMATION 

Heinrich  Kowalski,  Ingrid  Maurer-Foay 1 ,  Gert 
Vriend2 ,  Georg  Casari*,  Anton  Beyer3  and 
Dieter  Blaas*.  Institut  fur  Biochemie,  Wah- 
ringerstr.  17,  A-1090  Vienna,  Austria.  4Dr. 
Ernst  Boehringer  Institut  fur  Arzneiraittel- 
forschung,  Or.  Boehringergasse  5-11,  A-1120 
Vienna,  Austria,  2Dept.  of  Crystallography, 
University  of  Groningen,  Nijenborgh  16, 

NL-9747  AG  Groningen,  Netherlands,  3Institut 
fur  molekulare  Pathologie,  Or.  Bohrgasse  7, 
A-1030  Vienna,  Austria 

Human  rhinoviruses  were  examined  for 
sensitivity  to  trypsin  at  physiological  pH 
and  after  exposure  to  low  pH.  HRV1A,  HRV2  and 
HRV14  were  found  to  be  resistent  whereas  in 
serotypes  HRV49  and  HRV89  degradation  of  VP2 
was  observed.  However,  exposure  to  low  pH  led 
to  rapid  cleavage  by  trypsin  of  VP1  in  HRV1A, 
HRV2  and  HRV49  at  defined  sites  followed  by 
degradation  of  VP2 .  The  cleavage  site  in  VP1 
was  determined  for  HRV2  and  was  shown  to  occur 
between  Arg260  and  Thr261,  close  to  the  C- 
terminus.  As  the  cleavage  site  is  most  pro¬ 
bably  buried  inside  the  capsid,  structural 
rearrangements  of  the  viral  capsid  are  thus 
necessary  to  account  for  the  cleavage  observed 
after  low  pH  treatment. 
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CHARACTERIZATION  OF  RUBELLA  VIRUS  GLYCOPROTEIN  E2 
OLIGOSACCHARIDES. 

M.  L.  Lundstrom*,  C.  A.  Maurachec  and  A.  J.  Tingle. 
Department  of  Pediatrics,  The  University  of  British 
Columbia,  930  West  28th  Avenue,  Vancouver,  British 
Columbia,  V5Z  4H4,  Canada. 

Rubella  virus  glycoprotein  E2  is  a  constituent  of 
the  viral  envelope.  It  has  a  molecular  weight  of  42,000 
-47,000  D  and  is  highly  glycosylated.  The  fully 
processed  E2  found  in  mature  virions  is  a  very  hetero¬ 
genous  species,  which  Is  believed  to  be  due  to 
differences  in  glycosylation .  The  difference  in  MW 
between  unglycosylated  and  fully  processed  E2  is  more 
than  12,000  D,  suggesting  that  at  least  one  of  the  three 
available  glycosylation  slt»8  becomes  glycosylated  with 
an  unusually  large  oligosaccharide.  The  high  degree  of 
heterogeneity  of  mature  E2  also  indicates  that  the 
carbohydrate  moiety  is  subject  to  extensive  processing. 

In  order  to  determine  the  structure  of  the  carbo¬ 
hydrate  moiety  of  E2,  the  structural  proteins  of  the 
rubella  virus  strain  M33  were  purified  using  poly¬ 
acrylamide  gel  electrophoresis  and  subsequent  electro¬ 
elution  of  protein  bands.  Purified  F1’,  radiolaue lied 
with  3H-G1  cN,  was  digested  with  pronase  and  the 
resulting  glycopept ides  were  analyzed  using  HPLC,  column 
chromatography  and  Sepharose-  or  Agarose-bound  lectins. 
Glycopept ides  were  also  digested  with  various 
giycosidases  and  the  change  in  size  was  monitored  by  gel 
f i  1 1 rat  ion . 
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TYPING  OF  HUMAN  RHINOVIRUSES  BASED  ON  SEQUENCE 
VARIATIONS  IN  THE  5'  NON  CODING  REGION 
Helge  Torgersen *, Dieter  Blaas  and  Tim  Skern. 
Institut  fur  8iochemie,  Wahringer  Str.  17, 
Vienna ,  Austria . 

Unambigous  assignment  of  restriction 
enzyme  patterns  to  six  individual  serotypes 
(two  sets  of  closely  related  ones,  HRV1A  and 
HRV1B  and  HRV2  and  HRV49  together  with  the 
much  less  closely  related  HRV14  and  HRV89) 
of  human  rhinovirus  was  accomplished  after 
amplification  of  a  380  bp  DNA  fragment  derived 
from  the  5’  non-coding  region  using  the  PCR 
technique.  This  was  possible  even  though  the 
closely  related  serotypes  1A  and  IB  and 
serotypes  2  and  49  differed  only  in  10  and  17 
nucleotides  respectively  in  this  region.  This 
method  utilizes  the  conserved  and  variable 
components  of  this  part  of  the  genome  and 
provides  the  basis  for  a  simple  and  rapid 
typing  of  human  rhinoviruses. 
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PERSISTENT  INFECTION  OF  K562  CELLS  BY 
ENCEPHALOMYOCARD1TIS  VIRUS 

Ingrid  U.  Pardoe*,  M  Pah  Baldch,  Jawed  Hamid.  Kanwal  K. 
Grcwal  &  Alfred  T.H.  Burncss.  Faculty  of  Medicine,  Memorial 
University,  St.  John’s,  Newfoundland,  Canada  AIB  3V6. 

Based  on  the  paucity  of  published  reports,  it  appears 
that  establishment  of  persistent  infections  by  encephalo- 
myocarditis  (EMC)  virus  docs  not  occur  readily.  It  was 
surprising,  therefore,  to  find  that  persistently  infected 
cultures  were  established  with  ease  when  EMC  virus  iufected 
human  ieukacmic  K562  cells.  In  contrast  to  the  usual  typical 
lytic  infection  by  EMC  virus  where  trypan  blue  staining  of 
cells  reaches  close  to  100%  by  about  15  hr  post-infection, 
K562  cell  cultures  required  3  to  4  days  following  infection 
to  reach  a  maximum  of  about  80%  cells  stained.  The  proportion 
of  K.562  cells  taking  up  stain  gradually  decreased  to  about 
10%  of  those  present  by  about  13  days  post-infection;  during 
this  time,  virus  yield  per  day  measured  by  cither  plaque  or 
hacmagglutination  titration  fell  about  ten  fold.  In  some 
cultures,  this  decrease  in  per  cent  staining  was  followed  by 
later  waves  of  increased  staining  accompanied  by  increased  virus 
production.  Virus-producing  cultures  have  been  maintained  for 
over  3  months.  Evolution  of  both  virus  and  cells  accompanied 
the  establishment  of  persistence  in  that  plaque  size  changed 
from  about  7  mm  in  diameter  for  the  original  virus  to  less 
than  1.5  mm  by  day  20  post-infection  and  the  majority  of 
cells  cloned  from  persistently  infected  cultures  were  resistant 
to  superinfection  with  original  virus.  Resistance  was  due,  at 
least  in  part,  to  reduced  virus  attachment  in  that  binding 
of  sH-virus  to  cloned  resistant  cells  was  about  1.7%  of  that 
to  uninfected  cells.  The  possible  presence  of  viral  products 
in  the  resistant  cells  and  defective  interfering  particles  in 
the  virus  population  are  presently  under  investigation  as 
part  of  this  continuing  study.  Work  supported  by  the  Canadian 
MRC  and  the  Canadian  Diabetes  Association. 


38 


P  81 


MECHANISM  OF  ASTROVIRUS  ENTRY  INTO  293  CELL  LINE 
Superti  F.°,  Tinari  A.,  Marziano  M.L.,  Donelli  G. 
Department  of  Ultrastructures ,  Istituto  Superlore  dl 
Sanita,  Vlale  Regina  Elena  299-00161-Rome ,  (Italy). 

In  order  to  Investigate  the  cell  entry  pathway 
of  serotype  1  human  astrovlrus,  different  lysosomo¬ 
tropic  agents  (ammonium  chloride,  methylamine  and 
dansylcadaverine)  and  a  ionophore  (monensin)  have 
been  evaluated  in  their  ability  to  interfere  with  the 
infection  of  a  human  embryo  kidney  cell  line  (293). 
In  fact,  these  compounds  are  known  to  raise  endosomal 
and  lysosomal  pH  by  different  mechanisms.  Virus 
attachment  to  cell  monolayers  va»  allowed  to  occur  at 
0°C;  then  viral  penetration  was  induced  by  temperatu¬ 
re  shift  at  37“C.  Rate  of  infection  was  monitored  by 
indirect  Immunofluorescence  after  24  hours.  The  fin¬ 
dings  of  our  experiments  showed  that  all  drugs  tested 
were  not  virucidal  and  did  not  interfere  with  the 
virus  attachment  step.  On  the  other  hand  when  the 
same  compounds  were  added  following  viral  blndlng> 
antigen  synthesis  was  slgnlf icancly  inhibited.  All 
drugs  acted  on  the  early  stages  of  infection  and 
ammonium  chloride  was  the  most  effective.  Results 
obtained  suggest  that  human  astrovlrus  entry  follows 
an  intraveslcular  route  requiring  a  pH  dependent 
process  for  viral  genome  release  in  the  cytosol. 
These  data  have  been  supported  by  electron  mlcrjscopy 
observations  on  infected  cells  in  which  viral  parti¬ 
cles  have  been  detected  whlthln  coated  vesicles. 
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ANTIGENIC  PROFILE  OF  CHIKUNGUNYA  VIRUS 
A.L.  Schmaljohn*  and  J.M.  Dalrymple 
USAMRUD.  Ft  Detrick.  Frederick.  MD,  USA 

Chikungunya  virus  (CHIK)  is  an  alphavinis  endemic  to 
Africa  and  Asia,  where  it  causes  human  disease  characterized 
by  fever,  arthralgia,  and  frequent  arthritis.  To  facilitate  efforts 
in  the  development  of  vaccines  protective  against  the  greatest 
possible  array  of  medically  important  alphaviruses,  we  initiated 
studies  of  CHIK  immunobiology.  Assays  with  polyclonal  sera 
underscored  the  natural  polymorphism  of  neutralization 
epitopes:  not  only  was  there  poor  coss- neutralization  with 
other  members  of  its  antigenic  complex  (e.g.,  Semhki  Forest, 
Mayaro,  and  Ross  River  viruses),  there  was  considerable 
heterogeneity  among  various  CHIK  isolates.  However, 
antibody-mediated  complement-dependent  cytolysis,  known  in 
many  cases  to  be  a  correlate  of  protection  by  non-neutralizing 
antibodies,  demonstrated  great  similarity  among  CHIK  strains 
and  some  potential  for  cross-reactive  protection  with  disparate 
alphaviruses.  Monoclonal  antibodies  were  used  to  establish  that 
two  conserved  epitopes  were  homologous  to  El  topologic  sites 
previously  shown  to  be  involved  in  protection  against  Sindbis 
virus,  while  other  cell-surface  epitopes,  not  yet  characterized  in 
detail,  were  restricted  to  CHIK  and  closely  related  viruses. 
Unlike  humoral  responses,  lympboproliferative  assays  -  taken 
as  crude  measures  of  T  cell  responsiveness  -  did  not  reveal 
cross- reactivity  between  CHIK  and  distantly  related 
alphaviruses,  Sindbis  and  Venezuelan  equine  encephalitis 
viruses. 
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CREATION  OF  AN  ANTIGENIC  SITE  IN  POLIOVIRUS  TYPE  1  BY 
ASSEMBLY  OF  U  S  SUBUNITS 

B.  Rombaut**,  A.  Boeye1,  M.  Ferguson*,  P.  Minor*, 

A.  Mosser*  and  R.  Rueckert*.  lDept.  of  Microbiology  & 
Hygiene,  Vrije  Universiteit  Brussel,  Brussels,  Belgium) 
*Natl .  Inst,  for  Biological  Standards  4  Control, 

Potters  Bar,  U . K . »  *Inst.  for  Molecular  Virology  and 
Dept,  of  Biochemistry,  Univ.  of  Wisconsin,  Madison, 
U.S.A. 

14  S  subunits  are  pentamers  of  the  structural  unit 
comprising  one  molecule  of  each  of  the  capsid  polypep¬ 
tides  VPO,  VPl  and  VP3.  These  14  S  subunits  are  assem¬ 
bled  into  virions.  On  poliovirions,  four  different 
antigenic  sites  have  been  recognized.  Site  1,  which  is 
immunodominant  in  poliovirus  type  3,  but  of  lesser  im¬ 
portance  in  type  I,  is  continuous,  whereas  the  structure 
of  the  other  antigenic  sites  appears  to  be  more  complex. 

Nineteen  neutralizing  monoclonal  antibodies  tar¬ 
geted  against  the  four  known  antigenic  sites  of  polio¬ 
virus  type  1  were  tested  for  their  binding  capacity  of 
14  S  subunits.  All  13  antibodies  targeted  against 
antigenic  sites  1,  2  and  3A  recognized  14  S  subunits, 
whereas  none  of  the  6  antibodies  specific  for  site  3B 
did  so. 

It  may  be  concluded  that  three  out  of  the  four 
major  antigenic  sites  (1,  2  and  3A )  are  already  present 
on  14  S  subunits.  Site  3B,  in  contrast,  is  only  present 
on  virions  and  spans  the  boundary  between  pentamers  in 
the  virion.  As  this  antigenic  site  is  created  by  assem¬ 
bly  of  14  S  subunits  it  might  be  called  a  "neotope". 
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MONOCLONAL  ANTIBODIES  TO  DENGUE  TYPE  1 
NONSTRUCTURAL  PROTEIN  NS3 

C.H.C.  Tan*,  E  H  \  p  and  Y  C.  Chan 
Department  ol  Microbiology,  National  University  of  Singapore 
SINGAPORE 

Dengue  viruses  of  which  there  are  4  serotypes  cause  dengue  fever  and  the 
more  severe  dengue  haemorrhagic  fever/dengue  shock  syndrome  In 
animal  protection  studies,  envelope  proteins  of  dengue  2  virus,  contrary  to 
conventional  thinking,  did  not  provide  significant  protection  against  dengue 
virus  challenge  In  contrast,  passiva  protection  in  mice  has  been 
demonstrated  with  monoclonal  antibodies  to  NSl  of  dengue  2  virus  and 
aclive  protection  using  NSt  The  aim  of  this  project  was  to  study  the 
immunological  significance  of  the  nonstrudural  protein  NS3  using 
monoclonal  antibodies  prepared  against  dengue  1  virus  The  monoclonal 
produced  were  selected  by  ELISA  using  infected  C6/36  cell  lysate  which 
has  been  found  to  contain  nonstructural  proteins  m  western  blots  when 
tested  against  mousa  hyperimmune  serum.  ELISA  positive  hybrids  were 
cloned  by  limiting  dilution  twice  and  further  characterised  by  western  blot 
An  indirect  immunoMourescent  sssay  (IFA)  was  used  to  confirm  the 
presence  of  dengue  virus  antibodies.  Four  monoclonal  antibodies  that  were 
positive  in  IFA  were  selected  tor  further  studies  These  showed  no  reactivity 
m  complement  fixation  and  haemagglutma'ion  inhibition  t«sis  By 
radioimmunopraopitaton  using  [35S]  methionine  l«  ailed  C6/36  cell  extract, 
these  antibodies  precipitated  two  proteins  ol  molecu  ..  weights  similar  to 
lhaf  of  NS3  and  NS5.  These  monoctonalj  reacted  in  western  blot  to  a  Trp  E- 
NS3  fusion  protein  expressed  from  a  recombinant  plasmid,  pATH  10 
NS3(Eco-Eco)$  [provided  by  V  Deubel]  This  fusion  protein  contains 
approximately  40%  of  the  carboxy  terminal  ol  the  NS3  protein.  Antibody 
studies  in  patients  with  the  Trp  E-NS3  fusion  protein  as  well  as  passive 
protection  studies  with  the  monodonals  p  oduced  will  be  performed 
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NEUTRALIZATION  OF  POLIOVIRUS 
Klaus  Wetz 

Heinrich-Pette-Institut  fur  Experimentelle  Virologie 
und  Immunologie  an  der  Universitat  Hamburg,  Martini' 
strasse  52,  2000  Hamburg  20,  F.R.G. 

Among  different  mechanisms  of  virus  neutraliza¬ 
tion  one  seems  to  be  essential  which  is  suggested  to 
stabilize  the  capsid  by  cross-linking  subunits  with 
bivalent  antibodies  and  thus  preventing  the  virus 
from  being  uncoated.  This  is  supported  by  the  obser¬ 
vation  that  after  cleavage  of  the  antibodies  into  Fab 
fragments,  virus  infectivity  is  completely  restored, 
while  the  Fabs  remained  on  the  virus  surface.  This 
effect  could  be  simulated  by  cross-linking  poliovi¬ 
rus  with  a  bifunctional  reagent  by  introducing  di¬ 
sulfide  bridges  between  subunits,  which  reduced  in- 
fectivity  by  more  than  99Z.  It  could  be  shown  that 
VP  1 -VP 3  were  cross-linked.  Upon  cleavage  of  the 
cross-links  using  me reap coethanol ,  infectivity  was 
restored  as  well.  It  is  therefore  suggested  chat 
neutralization  occurred  only  if  antibodies  are  bi- 
valencly  bound.  There  is  evidence  that  virus  which 
has  been  neutralized  using  different  methods  pene¬ 
trated  into  HeLa  cells.  Virus  treated  with  Gluta¬ 
thione  could  be  reisolated  from  infected  cells  and 
was  fully  infective.  Likewise  was  chemically  cross- 
linked  virus  and  antibody-treated  virus  reisolated 
from  cells,  while  antibodies  alone  did  not  enter 
cells.  It  is  suggested  that  upon  chemical  cross-link¬ 
ing  of  subunits  at  the  virus  surface  with  few  bridges 
a  cooperative  conformational  change  of  the  virus 
shell  is  blocked,  which,  under  liberation  of  the  RNA, 
leads  to  an  infection.  A  similar  mechanism  probably 
occurs  with  ant ibody- bound  virus. 
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RECEPTORS  FOR  RUBELLA  VIRUS  ON  VERO  CELL  MEMBRANES 
SP.Mastromarino*,  “L.Cioe,  SS.Rieti,  §N.0rsi. 

JInstitute  of  Microbiology  and  “Institute  of  Virology, 
School  of  Medicine,  University  of  Rome  "La  Sapienza", 
Rome,  Italy. 

Membrane  receptors  for  rubella  virus  (RV)  in  Vero 
cells  were  studied  by  means  of  two  different 
approaches:  i)  by  enzyme  treatment  of  the  whole  cell 
membrane  and  ii)  by  testing  the  ability  of  Isolated 
plasma  membrane  molecules  to  compete  with  cells  for 
virus  binding  .  The  susceptibility  of  enzyme  treated 
cells  to  RV  infection  was  assessed  by  indirect 
immunofluorescence  assay.  Phospholipases  A2  and  C 
digestion  greatly  reduced  the  infectivity  by  the  virus, 
suggesting  the  involvement  of  lipid  structures  as 
receptor  sites  for  RV.  When  the  major  membrane  lipids 
were  examined  separately  for  their  ability  to  inhibit 
viral  infectivity,  several  phospholipids  (phosphatidyl- 
serine,  phosphat idyl  Inositol ,  phosphat idylethanolamine , 
phosphatidylcholine,  sphingomyelin)  and  glycollplds 
(cerebroslde  sulphate,  lactosy Iceramlde ,  gangllosides) 
showed  a  strong  neutralizing  activity.  This  effect  was 
dose  dependent.  The  replication  of  lipid  treated 
rubella  virions  was  studied  with  both  molecular 
hybridization  techniques  and  indirect  immunofluorescen¬ 
ce  assay.  RV  specific  recombinant  plasmids  were  used 
as  probe  for  the  detection  of  virus  sequences  in  the 
various  experimental  conditions. 
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ANTIGENIC  SITE-SPECIFICITY  OF  ANTIBODY  RESPONSES  TO 
TYPE  3  POLIOVIRUS  IN  MICE 

M.Roivainen**,  M.Murray§,  E.Wimmer§,  and  T.Hovi^1, 
^National  Public  Health  Inst,  Helsinki,  Finland  and 
§State  Univ  of  New  York  at  Stony  Brook,  New  York, NY, USA 

Groups  of  Balb/c  mice  were  immunized  with  intact  or 
trypsin-cleaved  type  3  poliovirus/Saukett  or  with  a  re¬ 
combinant  poliovirus  containing,  in  the  type  1/Mahoney 
basic  structure,  the  exposed  trypsin-sensitive  BC  loop 
of  VP1  as  the  only  component  from  the  type  3/Leon  virus 
(Ref.l).  Similar  preparations  were  used  as  challenge 
virus  in  assays  measuring  neutralizing  antibodies. 

Intact  type  3/Saukett  virus  induced  antibodies 
targeted  mainly  to  the  BC  loop  of  VP1 ,  which  is  a 
central  pit  of  the  designated  antigenic  site  1.  The 
level  of  lese  antibodies  decayed  rapidly  while  the 
response  lo  other  antigenic  sites  became  more  prominent 
during  thi  three  veeks'observation  period.  Mice 
immunized  with  the  trypsin-cleaved  type  3/Saukett  virus 
also  developed  antibodies  to  the  BC  loop  of  VP1  but  the 
proportion  of  antibodies  targeted  to  other  antigenic 
sites  was  greater  than  in  the  case  of  the  intact  virus- 
immunized  mice.  Recombinant  virus-induced  type  3- 
specific  antibodies  were  all  targeted  to  the  BC  loop  of 
VP1  and  consequently,  could  not  neutralize  trypsin- 
cleaved  type  3  polioviruses. 

These  results  suggest  that  by  using  trypsin-cleaved 
poliovirus  as  an  injectable  immunogen  it  is  possible  to 
modify  the  antigenic  site  diSvribution  of  the  induced 
antibodies  towards  a  pattern  similar  to  that  observed 
in  man  afterpoliovirus  infection. 

References: 

(1)  Murray  et  al . : Proc . Natl. Acad. Sci.  85:3203-7,  1988. 

(2)  Roivainen  and  Hovi:J  Virol  61:3749-53,  1987. 
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EFFECT  OF  AMMONIUM  CHLORIDE  AND  CHLOROQL’INE  ON  THE 
GROWTH  OF  RUBELLA  VIRUS  IN  VERO  CELLS 
§P.Mastromarino*,  “L.Cioe,  SS.Rieti,  fN.Orsi. 
Slnstltute  of  Microbiology  and  “Institute  of  Virology, 
School  of  Medicine,  University  of  Rome  "La  Sapienza", 
Rome,  Italy. 

To  study  the  penetration  and  uncoating  processes  of 
Rubella  virus  (RV) ,  we  analyzed  the  effect  of  ammonium 
chloride  and  chloroqulne,  known  to  increase  the  pH  of 
intracellular  vesicles,  on  the  infectivity  of  RV  in 
Vero  cells,  under  one-step  multiplication  conditions. 
The  lysosomotropic  weak  bases  inhibited  viral 
replication  monitored  by  indirect  immunofluorescence 
assay.  A  total  inhibition  was  achieved  when  ammonium 
chloride  (20  mM)  and  chloroqulne  (0.05  mM)  were  present 
during  a  complete  replication  cycle  (48  hr),  after 
viral  adsorption  on  cell  membrane  (1  hr,  4  C).  The 
time  course  for  the  inhibition  during  the  first  24 
hours  was  determined  by  adding/removing  the  drugs  at 
different  times  after  the  virus  addition.  The  presence 
of  the  agents  In  the  first  2  hours  did  not  modify  viral 
replication.  At  subsequent  time  there  was  a  time- 
response  relationship  with  50Z  inhibition  at  6  hours 
and  a  100Z  inhibition  at  12  hours.  The  time  required 
for  viral  infectivity  inhibition  by  the  lysosomotropic 
agents  corresponded  to  the  latent  period  of  the  virus 
and  to  the  first  detection  of  viral  RNA  synthesis. 
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EFFECT  OF  POLYIONS  ON  SINDBIS  VIRUS-CELL  INTERACTION 
P.  Mastromarino*,  C.  Conti,  K.  Lapadula,  N.  Orsi. 
Institute  of  Microbiology,  School  of  Medicine, 
University  of  Rome  "  La  Sapienza",  Rome,  Italy. 

The  involvement  of  electrostatic  interactions  in 
the  binding  of  Sindbis  virus  to  cell  membrane  recep¬ 
tors  was  studied  using  several  polyanions  and 

polycations.  The  capacity  of  poly ions  to  interfere 
with  viral  attachment  was  tested  on  Vero  cells, 

susceptible  to  infection,  and  on  binding  and  fusion 
of  goose  erythrocytes.  The  agents  were  incubated  with 
Vero  cells  immediately  before,  during  or  after 

exposure  of  the  cells  to  Sindbis  virus.  Heparin 
inhibited  plaque  formation  only  when  present  during 
virus  adsorption.  In  contrast  poly-L-lysine  and 
protamine  had  inhibitory  effects  whether  they  were 
incubated  with  cells  before  or  during  exposure  to 
virus.  None  of  the  polyions  was  able  to  inhibit  viral 
attachment  to  erythrocytes,  whereas  the  hemolytic 
activity  was  sensitive  to  mucin  and  polygaiacturonlc 
acid.  All  these  results  suggested  a  role  of  membrane 
proteoglycans  as  Sindbis  virus  binding  sites; 
therefore  the  effect  of  heparinase  and  chondroitln  ABC 
lyase  digestion  on  the  susceptibility  of  cells  to 
viral  binding  has  been  studied. 
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FUNCTIONAL  ANALYSIS  OF  A  PANEL  OF  MONOCLONAL  ANTIBODIES 
GENERATED  AGAINST  THE  NON-STRUCTURAL  GLYCOPROTEIN,  NS  1 
OF  DENGUE  TYPE  2  VIRUS  (PR159) . 

A  K  I  Falconar*  and  P  R  Young,  Dept  of  Clinical 
Sciences,  London  School  of  Hygiene  and  Tropical 
Medicine,  Keppel  Street,  London  WC1E  7HT,  UK 

Antibody  mediated  enhancement  of  viral  replication 
has  been  implicated  in  the  pathogenesis  of  dengue 
haemorrhagic  fever.  In  an  attempt  to  circumvent  the 
problems  associated  with  eliciting  an  Immune  response 
directed  against  structural  components  of  the  virion, 
the  protective  capacity  of  the  non-structural  glyco¬ 
protein,  NSi  has  been  assessed.  Both  active  and 
passive  protection  with  homologous  but  not  heterologous 
dengue  virus  serotypes  have  now  been  demonstrated . 

While  common  epitopes  within  the  dengue  group  have 
been  identified  by  a  number  of  workers  using  poly¬ 
clonal  sera,  no  monoclonal  antibodies  (mAbs)  have 
been  described  which  would  allow  a  detailed  analysis 
of  potential  cross-protective  epitopes. 

In  this  study,  affinity  purified  dimeric  NS1  of 
dengue  2  (PR159)  virus  was  obtained  using  high  pH 
elution.  MAbs  obtained  from  mice  immunized  with  this 
protein  have  yielded  a  number  of  dimer  specific 
clones  as  well  as  a  panel  of  mAbs  showing  a  variety 
of  cross-reaction  patterns  within  the  dengue  group. 
Several  clones  describe  both  linear  and  conformational 
epitopes  common  to  all  4  serotypes  of  dengue  viruses. 

A  number  of  these  clones  also  cross-react  with  other 
flaviviruses ,  most  notably  with  members  of  antigenic 
group  III.  These  mAbs  have  been  studied  for  their 
ability  to  fix  complement ,  lyse  virus  infected 
target  cells  In  vitro  and  to  confer  passive  protection 
in  mice  against  live  dengue  virus  challenge. 


P  91 


MUkINE  T  LYMPHOCYTE  RESPONSES  TO  DENGUE  VIRUS  AND 
VIRAL  PROTEINS 

Alan  L  Rothman**.  Ichiro  Kurane1,  Yi-Ming  Zhang2, 
Ching-Juh  Lai2,  and  Francis  A.  Ennis1.  Univ  of  Mass 
Medical  Center,  Worcester,  MA  01655.  Laboratory  of 
Infectious  Diseases,  NIH,  Bethesda,  MD  208 92. 

We  have  studied  the  in  vitro  responses  of  spleen 
cells  from  dengue  virus- immune  mice  as  a  model  of  human 
lymphocyte  responses  to  dengue  virus.  Mice  were 
Immunized  with  one  intraperitoneal  dose  of  live  dengue 
virus.  Spleen  cells  from  mice  Immunized  with  any  of 
the  four  dengue  serotypes  showed  significantly  higher 
levels  of  proliferation  when  incubated  with  an  antigen 
of  Vero  cells  infected  with  the  same  dengue  serotype 
than  when  incubated  with  a  preparation  iroro  uninfected 
Vero  cells.  The  proliferating  cell  population  was 
predominantly  Thyl.2+  L3T4+  Lyt2".  This  proliferative 
response  was  predominantly  serotype  specific,  with  a 
lower  level  of  serotype  cross-reactivity. 

Viral  proteins  expressed  in  Sf9  cells  with  a  re¬ 
combinant  baculovirus  were  used  to  identify  viral 
proteins  responsible  for  the  proliferation.  Lympho¬ 
cytes  from  dengue  4  virus-immune  mice  showed  high 
levels  of  prol iteration  in  response  to  a  preparation 
expressing  dengue  4  virus  C,  pre-M,  E,  NSl ,  and  NS2a 
proteins.  A  preparation  expressing  only  dengue  4  virus 
E  protein  also  induced  a  proliferative  response, 
although  to  a  lesser  extent. 

T  cell  clones  have  been  established  from  dengue  2 
virus-immune  mice  by  repeated  stimulation  with  dengue 
2  virus  antigens.  The  clones  express  the  Thyl.2+ 

L3T4+  Lyt2"  phenotype.  Proliferative  responses  of  the 
clones  are  predominantly  serotype  specific,  similar  to 
the  resporses  of  immune  spleen  cells  in  bulk  culture. 
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IDENTIFICATION  AND  PRESENTATION  OF  THE  ANTIGENIC 
SITES  OF  0j  KAUFBEUREN  FOOT-AND-MOUTH  DISEASE 

VIRUS  2*  1  2 
J.D.A.  Kitson*  ,  G.J.  Belsham  ,  K.L.  Burke*  and 

J.W.  Almond 

JAFRC  Institute  for  Animal  Health,  Picbright,  Woking, 
^Surrey,  U.K. 

University  of  Reading,  Reading,  U.K. 


Four  antigenic  sites  have  been  identified  on  0. 
kaufbeuren  FMDV  by  the  characterization  of  monoclonal 
antibody  escape  mutants.  Two  sites  Involve  amino 
acid  residues  fees  VPI,  a  third  site  residues  from 
VP2  while  the  fourth  site  consists  of  residues  from 
VP3.  Polio/FMDV  chimaeric  viruses  have  been 
constructed,  with  sequences  corresponding  to  the 
antigenic  regions  of  FMDV  Inserted  into  antigenic 
site  1  of  poliovirus.  One  of  these  pollo/FhDV 
chlmaeraa  is  neutralised  by  antl-FMDV  mAbs  and  poly¬ 
clonal  sera.  The  Immunogenic  tty  of  these  viruses 
Is  being  Investigated. 
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THE  CONSTRUCTION  AND  CHARACTERIZATION  OF  POLIOVIRUS: 

HIV-1  ANTIGEN  CHIMAERAS 

David  Evans,  Jane  McKeating  ,  Karen  Bur^e,  Janet  2 

Meredith,  Morag  Ferguson  ,  Kerai  Katrak  ,  Philip  Minor  , 
Robin  Weiss1  and  Jeffrey  Almond. 

Department  of  Microbiology,  University  of  Reading, 

London  Road,  Reading.  RG1  5AQ.  Chegter  Beatty 
Laboratories,  Pulham  Road,  London.  NIBSC,  South  Mimas, 
Potters  Bar,  Herts, 

Following  the  successful  construction  of  an 
intertypic  poliovirus  chimaera  by  Burke  et  al ■ , 

(Nature  332:81-82)  we  have  used  antigenic  site  1  of  the 
live-attenuated  Sabin  type  1  vaccine  to  present  epitopes 
from  Human  Immunodeficiency  Virus  (HIV-1),  Viable 
antigen  chimaeras  have  been  generated  that  express 
known  and  predicted  epitopes  from  the  envelope 
glycoproteins  <gpl20,  gp4l)  of  the  HTLV-IIIB  strain  of 
HIV-1.  The  antigenicity  and  immunogenicity  of  the 
chimaera,  containing  18  residues  derived  from  gp42 
has  been  shown  to  Induce  group  specific  neutralizing 
antibodies  in  rabbits.  We  have  demonstrated  that 
antigenic  site  1  displays  considerable  flexibility, 
both  in  the  number  and  sequence  of  amino  acids  that 
can  be  accommodated.  These  studies  establish  the 
potential  of  poliovirus  as  a  vector  for  the  expression 
of  foreign  epitopes,  which  may  have  implications  for 
future  vaccine  design. 


RECEPTOR  GROUPING  OF  ENTEROVIRUSES 

•Karen  L  Hadingham*,  David  J  Cockburn*,  and  Jeffrey  W 
Almond  .  Department  of  Microbiology,  University  of 
Reading,  London  Road,  Reading,  Berks,  RG1  5AQ,  UK; 

Genetics  Laboratory,  Department  of  Biochemistry, 
University  of  Oxford,  South  Parks  Road,  Oxford,  0X1  3QU 
UK. 

Cell  tropism  and  host  range  restriction  in  picorna- 
viruses  is  largely  determined  by  cellular  receptor 
specificity.  It  has  been  shown  that  each  of  the>l00 
human  rhinovirus  serotypes  bind  to  human  ceils  via  one 
of  only  2  classes  of  receptor.  Similarly,  the  3  sero¬ 
types  of  poliovirus  bind  to  a  common,  unique,  receptor. 
However,  very  little  grouping  of  the >30  other  human 
enterovirus  serotypes  according  to  their  receptor 
specificities  has  been  performed.  Human-rodent  somatic 
cell  hybrid  lines  are  being  u;ied  to  perform  such 
grouping.  The  chromosome  complements  of  survivors  of 
virus  infection  are  being  studied  to  establish  the 
chromosomal  location  of  the  receptor  genes. 
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PREXIMINARY  CHARACTERISATION  OF  THE  RECEPTORS 
INVOLVED  IN  KUNJIN  VIRUS  ENTRY  VERO  CELLS 
Lionel  L.C  Lau*,  Mah  Lee  Ng  and  Claudia  L.C.  Wong. 
Department  of  Microbiology,  National  University  of 
Singapore,  Kent  Ridge  0511,  Singapore 

Evidence  have  shown  that  entry  of  Kunjin  virus  is 
via  receptor  mediated  endocytosis.  Data  from 
interference  studies  showed  the  receptors  to  be  unique 
to  Kunjin  virus.  When  West  Nile  or  Sindbis  viruses 
were  exposed  to  Vero  cells  simultaneously  with  Kunjin 
virus  the  rate  of  entry  of  the  viruses  were  similar  to 
that  of  single  infection  by  each  virus.  There  was  also 
no  interference  when  Sindbis  or  West  Nile  virus  was 
coinfected  with  Kunjin  vi  The  intracellular  virus 

yields  after  the  adsorption  period  was  similar  to 
single  infection  by  each  of  these  virus.  Further 
characterisation  was  made  using  a  range  of  proteases 
ad  glycosidases  The  preliminary  data  showed  that  the 
entry  of  Kunjin  virus  was  inhibited  by  pretreatment  of 
the  cells  with  these  enzymes,  indicated  the  receptor 
may  be  a  glycoprotein.  Initial  results  show  that  the 
activities  of  alpha-glucosidase  and  alpha-galactosidase 
appear  to  inhibit  virus  ad Borption. 


P  96 


DETECTION  OF  THE  HUMAN  RHINOVIRUS  MINOR 
GROUP  RECEPTOR  ON  RENATURING  WESTERN 
BLOTS 

Harald  Mischak,  Christoph  Neubauer, 
Berthold  Berger*,  Ernst  Kuchler  and 
Dieter  Blaas,  Institut  fur  Biochemie 
Wahringerst r .  17,  A-1090  Vienna,  Austria 
The  human  rhinovirus  minor  group 
receptor  was  extracted  from  HeLa  cell 
membranes  and  partially  purified.  Re¬ 
ceptor  activity  was  detected  on  Western 
blots  by  binding  of  35s  labelled  human 
rhinovirus  serotype  2  (HRV2)  to  the  immo¬ 
bilized  protein  at  a  position  correspon¬ 
ding  to  a  molecular  weight  of  120  kO.  The 
properties  of  the  filter-immobilized 
receptor  were  assessed  and  found  to  be 
very  similar  to  those  of  the  HeLa  cell 
membrane-associated  protein. 
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MODELING  Oi;  THE  01  DOMAIN  OF  INTRACELLULAR 
ADHESION  MOLECULE  1  (ICAM-1),  THE  HUMAN 
RHINOVIRUS  MAJOR  GROUP  RECEPTOR. 

Vincent  L  Giranda*.  Michael  Chapman,  Michael  G.  Rossmann, 
Purdue  University,  West  Lafayette,  IN  U.S.A.,  and  Donald  E 
Staunton,  Timothy  A.  Springer,  Harvard  Medical  School,  Boston, 
MA  U.S.A. 

ICAM-i  has  recently  been  shown  to  be  the  cellular  receptor 
for  tnc  major  group  of  rhinoviruses  (Siaumon  ef  al.  (1989)  Cell, 
56,  K49;  Greve  et  al.,  (1989)  Cell,  56,  839).  The  sequence  of 
ICAM-1  suggests  it  is  a  member  of  the  immunoglobulin 
supergene  family  and  is  consistent  with  five  immunoglobulin  like 
domains  (Staunton  et  al.,  (1988)  Cell,  52,  925).  The  Cl  domain 
of  ICAM-1  is  modeled  using  structural  and  sequence  information 
to  gain  insight  into  the  viral-cell  surface  interaction.  The  starting 
point  for  the  ICAM-1  modeling  is  the  known  structures  of  the  CL, 
Cl,  C2,  C3  IgG  domains.  These  domains  share  a  common  seven 
strand  beta  sandwich  secondary  structure  which  allows  them  to  be 
structurally  aligned.  The  sequence  of  the  Cl  domain  of  ICAM-1 
is  aligned  with  the  sequences  of  the  immunoglobulin  domains 
with  known  structures,  which  allows  the  formulation  of  three 
dimensional  model  of  the  ICAM-1  Cl  domain.  The  model 
permits  docking  of  complementary  surfaces  and  charges  between 
the  Human  Rhinovirus- 14  canyon  and  the  ICAM-1.  The  ICAM-1 
Cl  domain  model  Fits  well  into  the  rhinovirus  canyon  where  it 
covers  residues  which  are  known  to  be  important  in  viral 
attachment  to  cells,  as  determined  from  mutational  analysis 
(Colonnoet  al.,  (1988)  Proc.  Nail.  Acad.  Sci.  U  SA.  85,  5449). 


COMPONENTS  OF  NEUTRALIZATION:  THEIR 
IMPACT  ON  VARIATION  IN  A  POLIOVIRUS  NEU¬ 
TRALIZATION  ASSAY 

Mark  A.  Pallanxch*,  Kaija  Maher,  and  Tamira  Van  Noy 
Enterovirus  Laboratory,  Centers  for  Disease  Control 
Atlanta,  GA  30333  USA 

The  neutralization  assay  for  measuring  antibodies  to 
poliovirus  has  been  used  extensively  to  determine  efficacy 
of  vaccination  policies  worldwide  and  an  individuals  resis¬ 
tance  to  possible  infection.  Despite  nearly  four  decades 
as  the  cornerstone  of  in  vitro  measurements  of  host  im¬ 
munity,  many  components  of  this  assay  have  not  been 
carefully  considered  during  efforts  to  interpret  results  bet¬ 
ween  different  tests  both  within  and  among  different 
laboratories.  We  have  examined  the  effect  of  1)  the 
possible  mechanisms  of  neutralization,  2)  the  variation  in 
virus  concentration,  3)  the  variation  in  end  point  estima¬ 
tion,  and  4)  mechanical  and  logistic  factors  as  they  affect 
variation.  We  have  used  this  information  to  implement 
several  practical  modifications  and  refinements  to  the 
microneutralization  assay  and  applied  these  changes  to  a 
project  involving  24,000  neutralization  assays  performed 
over  a  period  of  less  than  one  year.  Use  of  these  proce¬ 
dures  gives  an  accurate  method  to  correct  for  daily  dif¬ 
ferences  in  test  sensitivity.  This  approach  to  test  develop¬ 
ment  has  implications  for  many  biological  measurements 
of  the  virus-host  interaction. 
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RECOGNITION  OF  FLAVIVIRUSES  BY  T  HELPER  CELLS 
*J.E.  Allan,  M.F.  I’ren,  D.M.  Hartley,  A . R.  Hunt,  J.T. 
Roehrig  and  J.H.  Mathews,  St.  Jude  Children’s  Research 
Hospital,  Memphis,  TN ,  USA;  Dept,  of  Exp.  Pathol.,  The 
John  Curtin  School  of  Med.  Research,  ACT,  Australia; 
and  Center  for  Disease  Control,  Fort  Collins,  CO,  USA 
Antibody  is  considered  to  be  the  main  mechanism  of 
protection  from  flaviviruses  and  since  generation  of 
this  response  requires  helper  T  cells  have  prepared 
cloned  lines  of  f lavi vi rus-specl f lc  CD4  T  cells. 

These  have  been  used  to  determine  T  cell  recognition 
sites  on  these  viruses  and  also  for  studying  T  cell 
cross-reactivi ty  between  members  of  this  family.  Our 
cloned  lines  of  Murray  Valley  encephalitis-specific 
murine  T  cells  recognize  a  linear  sequence  of  Che  en¬ 
velope  protein  and  supply  help  for  antibody  production 
following  stimulation  by  other  viruses  of  the  West  Nile 
sub-group.  However,  this  sice  does  not  strongly  stim¬ 
ulate  polyclonal  virus-immune  cultures.  These  appear 
to  recognize,  in  addition,  nucleocapsid  and  non-struc- 
tural  proteins  some  of  which  also  stimulate  weakly.  It 
has  been  necessary  to  prepare  continuous  lines  of 
virus-immune  T  cells  to  determine  the  amino  acid 
sequences  which  are  Involved. 
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ANTIGENIC  STRUCTURE  OF  THE  COAT  PROTEINS  OF  POTATO 
VIRUS  X  <PVX)  AND  OF  POTATO  AUCUBA  MOSAIC  VIRUS 
( PAMV  ) 

Yu  .  1. .  Radavsky  *  ,  S.S.  Viter*.  I  .  P  .  Turova*  ,  A. G. Dyben¬ 
ko  *  ,  A  .  A  .Cor  shVovj  ch*  ,  V.V.Shilin*.  L, .  V  .  Jfl  r  voku  lg*  *  , 
M.J  .S.iarma**  . 

•Institute  of  Bioorganic  Chemistry,  Academy  of 
Sciences  of  the  Ukrainian  SSR ,  2^2060  Kiev,  USSR 
•*  Institute  of  Chemical  Physics  and  Biophysics, 
Academy  of  Sciences  of  the  Estonian  SSR,  200026 
Tallinn,  USSR 

PVX  and  PAMV  coat  proteins  were  cleaved  by  cyanogen 
bromide  and  staphylococcal  protease  V  8. Peptides  were 
isolated  by  means  of  gc 1  - f i 1 1 ra t i on ,  ion-exchange  chro¬ 
matography  8nd  HPLC.  Some  of  the  peptides  were  purified 
to  homogenity  and  their  amino  acid  sequence  was  eaiab- 
I i shed . 

With  monoclonal  antibodies  (Mabs)  to  PVX  using  in¬ 
direct  ELISA,  europium  t ime-resol ved  f luoroisounoassay 
and  electro-blot  immunoassay  we  located  one  or  two  over¬ 
lapping  antigenic  determinants  at  the  N-terminal  region 
of  the  coat  protein.  Lysine  at  position  19  Of  the  virus 
coat  protein  is  required  for  the  interaction  with  two 
of  the  Mabs.  Synthesis  of  peptides,  as  a  probable  epi¬ 
topes,  was  carried  out  by  solid-phase  method,  bases  on 
Fmoc-  and  Boc-approaches .  The  synthetic  peptides  were 
conjugated  to  BSA  in  varying  molar  ratios  by  new  cross¬ 
linker  obtained  in  our  laboratories  and  the  immunologi¬ 
cal  reactivity  of  the  conjugates  compared. 

Mabs  to  PAMV  were  raised  and  used  to  study  the  anti¬ 
genic  structure  of  PAMV  coat  protein,  as  well  as  the  im¬ 
munological  cross-reactivity  with  PVX  and  its  protein. 
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MOLECULAR  GENETICS  OF  THE  MHV  RECEPTOR 
Richard  K.  PI lllaasj^? Stuart  W.  Snyder,  Mark  F.  Prana. 

John  Hay,  Carl  W.  Dieffenbach,  and  Kathryn  V.  RoImi.  The 
Uniformed  Services  University  of  the  Health  Sciences, 
Bethea da,  HD  20814-4799. 

The  cellular  receptor  for  mouse  hepatitis  virus  (MHV- 
A59)  Is  a  100-1 10K  glycoprotein  found  on  liver  and  Intes¬ 
tinal  plasma  membranes.  Removal  of  carbohydrate  groups 
from  the  protein  with  endoglycoaldase  F  does  not  destroy 
virus  binding  activity  which  suggests  that  the  E2  viral 
envelope  glycoprotein  recognises  Che  protein  core  of  the 
receptor.  The  receptor  has  been  purified  from  detergent- 
solubilized  mouse  liver  membranes  by  affinity  chromo- 
tography  using  monoclonal  anti-receptor  antibody.  The 
first  IS  amino  acids  from  the  N-termlnus  were  determined 
by  mlcrosequencing.  An  antibody  was  generated  In  rabbits 
against  a  synthetic  peptide  with  this  sequence.  The  antl« 
peptide  antibody  recognized  the  affinity  purified  recept¬ 
or  from  liver  and  Intestinal  brush  border  membranes  from 
susceptible  mice.  The  antibody  also  recognized  an  intes¬ 
tinal  brush  border  protein  from  resistant  SJL/J  mice. 

The  SJL/J  protein  was  5-10K  shorter  than  the  MHV  receptor 
protein  of  8ALB/c  mice,  and  did  not  bind  either  the  virus 
or  the  virus  blocking  monoclonal  antibody.  SJL/J  mice 
may  be  resistant  to  MHV  due  to  a  mutation  In  the  receptor 
glycoprotein  resulting  in  a  molecule  that  does  not  bind 

KHV. 

A  35-mer  oligonucleotide  deduced  from  the  amino  acid 
sequence  of  the  aralno  terminus  of  the  receotor  was  syn¬ 
thesized  and  used  to  probe  lambda  gtlt  cDNA  libraries 
made  from  cells  expressing  the  receptor.  Fourteen  in¬ 
dependent  cDNA  clones  have  been  Isolated.  Cloning  of  the 
MHV  receptor  cDNA  will  allow  direct  comparison  IF  the  re¬ 
ceptor  protein  and  the  virus  non-binding  variant  of  the 
SJL/J  mouse. 


JNTERTYPIC  POLIOVIRUS  CHIHAERAfi 
Karen  L  Burke* ,  Kersl  Katrak*^  Morag  Ferguson* ,  Philip 
D  Minor  ,  and  Jeffrey  W  Almond  .  Department  of  Micro¬ 
biology,  University  of  Reading,  Reading,  RC1  5AQ,  UK, 
*NIBSC ,  Potters  Bai-j  South  Mlmms ,  tjerts,  EN6  3QC ,  UK. 

The  antigenicity  and  structure*  of  poliovirus  have 
been  studied,  allowing  the  location  of  the  three  major 
antigenic  sites  involved  in  neutralization  on  the  x-ray 
crystallographic  model  of  the  virus.  Based  on  this 
information,  lntertypic  poliovirus  chlmaeras,  involving 
all  three  neutralizing  sites,  have  been  constructed  via 
oligonucleotide-directed  mutagenesis  of  infectious 
Sabin  type  1  and  3  poliovirus  cDNAs .  Characterization 
of  such  antigen  chlmaeras  has  been  carried  out  using 
monoclonal  and  polyclonal  antisera  In  neutralization 
and  single  radial  Immunodiffusion  antigen  blocking 
tests.  In  addition  reactivity,  of  antisera  raised 
against  the  chlmaeras  In  mice,  rabbits  and  guinea  pigs 
has  been  studied.  The  chlmaeras  are  also  being  used  to 
examine  the  immune  response  of  animals  and  mao  to 
different  antigenic  sites.  The  Information  gained  from 
the  characterization  of  lntertypic  chlmaeras  leads  to 
a  further  detailed  understanding  of  poliovirus  antigen¬ 
icity  and  iomunogenicity . 

1.  Minor  et  al ■ ,  1986.  Journal  of  General  Virology  67: 

1283-1292. 

2.  Hogle  et  al ■ ,  1985.  Science  229:  1358-1365. 
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SYNTHESIS  AND  IMMUNOREACTIVITY  OF  DENGUE  2  VIRUS 
(FLAVIVIRUS)  MODIFIED  ENVELOPE  PROTEIN  E  USING 
RECOMBINANT  BACULOVIRUSES. 

V.  Deubel*  and  M.  Bordier.  Laboratoire  des  Arbovirus,  Institut 
Pasteur,  75724  Paris  Cedex  15,  France. 

We  examined  the  expression  of  the  dengue  (DEN)  2 
virus-specified  envelope  protein  in  Spodoptera  frugiperda  SF9 
cells  by  recombinant  baculovirus  vectors.  A  cDNA  copy  of  the 
DEN  2  virus  region  encoding  the  virion  structural  proteins  was 
inserted  into  the  baculovirus  DNA  using  the  pAcYMl  shuttle 
vector  (gift  from  Pr  D.H.L.  Bishop,  Oxford).  The  protein  E  was 
produced  in  a  size  and  antigenicity  similar  to  the  corresponding 
polypeptide  from  DEN  2  virus-infected  Aedes  albopictus  C6/36 
cells. 

Deletions  of  respectively  25  and  71  amino  acids  in  the 
C-terminal  end  of  the  protein  E  produced  truncated  forms  which 
were  secreted  in  the  extracellular  medium.  Deletions  in  the 
C-terminus  apparently  did  not  modify  the  correct  presentation  of 
the  important  epitopes  as  determined  by  immunofluorescence 
and  Western  blotting  using  polyclonal  and  monoclonal 
antibodies  (gift  from  Drs  J.J.  Schlesinger  and  M.K.  Gentry). 
Results  of  immunization  in  rabbits  and  mice  with  the  engineered 
protein  E  will  be  p'esented. 
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EPITOPE  ANALYSIS  OF  ANTIGENIC  DOMAINS  OF  DENGUE  2 
VIRUS  (FLAVIVIRUS)  ENVELOPE  PROTEIN  E  EXPRESSED  IN 

E.  COLI. 

F.  MGgret,  J.-P.  Hugnot,  J.J.  Schlesinger,  M.K.  Gentry  and  V. 
Deubel-.  Laboraloire  des  Arbovirus,  Instilul  Pasteur,  75724  Paris 
Cedex  1 5,  France. 

Several  Iragmenls  ol  the  dengue  (DEN)  2  virus  envelope 
protein  E  were  expressed  in  Escherichia  coli  as  fusion  proteins. 
The  hybrid  proteins  were  synthetized  in  large  amounts  by  E.  coli 
under  the  control  of  promoter  IrpE.  The  hybrids  between  trpE 
and  the  envelope  protein  were  purified  from  soluble  (amino 
acids  N°59  to  97  in  the  DEN  2  protein  E)  or  insoluble  (amino 
acids  N°59  lo  422,  22  to  205,  259  to  422  in  the  DEN  2  protein  E) 
fractions  ol  transformed  E.  coli. 

The  immunoreactivity  of  the  hybrids  was  examined  by  Western 
blotting.  Two  domains  contained  epitopes  reacting  with 
monoclonal  antibodies  (MAbs)  ot  group,  complex  and/or  type 
specificity. 

Most  ot  the  reacting  MAbs,  and  in  particular  the  DEN  2-specific 
neutralizing  MAb  3H5,  recognized  the  domain  including  amino 
acids  N°259  to  422  in  the  protein  E  .  The  reactivity  ol  all  these 
MAbs  was  destroyed  when  this  domain  was  split  tn  two  parts 
expressed  independently  (amino  acids  N°259  to  353  and  366  to 
422),  suggesting  the  presence  ot  conformational  epitopes  The 
missing  peptide  (N°354  to  365)  contains  two  proline  residues 
that  might  also  be  important  tor  the  secondary  structure  and 
therefore  for  the  immunoreactivity  ol  the  domain. 

The  immunological  response  in  rabbits  and  in  mice  immunized 
with  these  fusion  proteins  will  be  presented. 
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DENGUE  VIRUS-SPECIFIC  HUMAN  CYTOTOXIC  T  LYMPHOCYTES (CTL) 
Ichiro  Kurane*1,  Jack  F.Bukowski,  Ching-juh  Lai  ,  Margo 
Brinton^,  Michael  Bray2,  Barry  Falgout*,  Bangti  Zhao^, 
and  Francis  A.  Ennis! .  l.Univ.  of  Massachusetts  Medical 
Ctr.,  Worcester,  MA.USA.  2.NIAID,  NIH,  Bethesda,  MD. 

USA.  3- Georgia  State  Univ.,  Atlanta,  GA.  USA. 

We  have  begun  tu  analyze  human  T  cell  responses  to 
dengue  viruses.  We  established  twelve  CTL  clones  from 
the  lymphocytes  of  a  donor  who  had  been  infected  with 
dengue  3  virus.  These  clones  have  a  CD3+  CD4+  CD8+  phe¬ 
notype.  They  lyse  dengue  antigen-pulsed  and  dengue  vi¬ 
rus  infected  autologous  lymphoblast© id  line  (LBL)  in  an 
HLA  class  11-restricted  fashion.  One  of  the  clones  ly¬ 
ses  target  cells  expressing  dengue  4  NS1 ,  2a,  2b,  3,  4a 
and  4b,  but  does  not  lyse  target  cells  expressing  E, 

Pre  M,C,NS1  and  2a  or  cells  expressing  NS1  and  2a.  This 
result  suggests  that  this  clone  recognizes  an  epitope 
on  a  non-structural  protein  other  than  NS1,  NS2a,  and 
NS3.  Purified  dengue  3  NS3,  but  not  NS1  or  NSS,  Induces 
a  high  level  of  proliferation.  A  short-term  T  cell  line 
stimulated  with  NS3  has  a  CD3+,  CD4+, CD8"  phenotype 
and  lyses  dengue  2  virus-infected  LBL.  This  result  sug¬ 
gests  chat  an  epitope  on  NS3  is  recognized  by  CD4+  T 
lymphocytes.  We  have  also  detected  serotype  cross-reac¬ 
tive  dengue-specif ic,  HLA  class  I -restricted ,  CD4”  CD8+ 
CTL  in  bulk  culture.  These  CTL  lyse  autologous  fibro¬ 
blasts  Infected  with  a  vaccinia  construct  which  con¬ 
tains  NS1,  2a,  2b,  3,  4a  and  4b,  and  lyse  target  cells 
expressing  E  and  those  expressing  E,  Pre  M,C,NS1  and  2a 
to  a  lower  level.  Target  cells  expressing  NS1  and  2a 
are  not  lysed.  These  results  suggest  that  dengue-speci¬ 
fic,  HLA  class  I-restricted  CTL  recognize  mainly  non- 
structural  proteins  other  than  NS1  and  2a,  and  also 
recognize  E  to  a  lower  level.  CD8+  cross-reactive  CTL 
clones  have  also  been  established. 


IDENTIFICATION  OF  CONTINUOUS  EPITOPES  OF  THE  ENVELOPE 
CLYC0PR0TE1N  OF  DENGUE  TYPE  2  VIRUS 
PL  Innis*.  V  Thirawuth,  C  Hemachudha.  Department  of 
Virology,  Armed  Forces  Research  Institute  of  Medical 
Sciences,  Bangkok,  Thailand 

Four  hundred  ninety  ..*x«,(,eptides  homologous  to  the 
amino  acid  sequence  of  the  dengue  2  envelope  glyco¬ 
protein  were  reacted  with  antisera  from  seven  patients 
with  primary  dengue  2  infections  to  identify  the  con¬ 
tinuous  epitopes  recognized  by  human  IgC.  There  were 
124  peptides  in  twenty  five  clusters  (domains)  that 
bound  two  or  more  antisera.  Twenty  two  peptides  in 
seven  domains  bound  all  seven  convalescent  dengue  2 
antisera  tested  and  thus  appeared  to  represent  immuno¬ 
dominant  epitpes.  The  evidence  that  these  domains 
represent  continuous  epitopes  of  the  envelope  glyco¬ 
protein  is:  (1)  peptides  representing  each  domain  bound 
multiple  sera,  (2)  peptide  reactivity  was  highly  or¬ 
dered  along  the  amino  acid  sequence  and  (3)  in  almost 
all  cases,  domains  were  regions  of  predicted  hydrophi- 
licity.  Heterologous  flavivirus  antisera  also  exhi¬ 
bited  binding  to  the  majority  of  peptides  reactive  with 
anti-dengue  2  sera  though  four  candidate  dengue  2 
specific  epitopes  were  identified  along  with  an  immuno¬ 
dominant  epitpe  common  to  dengue.  Japanese  encephalitis 
and  West  N lie  viruses.  Synthetic  peptides  representing 
these  epitopes  may  prove  to  be  useful  for  a  variety  of 
purposes. 
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EFFECTIVE  EXPRESSION  OF  ANTIGENICALLY  ACTIVE  STRUCTURAL 
ANO  NONSTRUCTURAL  PROTEINS  OF  JAPANESE  ENCEPHALITIS 
VIRUS 

Yasui.K?  Miyamoto, M.  Ogimoto.M.  Kimura-Kuroda.J. 
Kanayama.M.  Matsuura.Y.  Yasuda.A.  Sato.T.  Kojima.A. 
Department  of  Microbiology,  Tokyo  Metropolitan  Institute 
for  Neurosciences,  National  Institute  of  Health,  Japan, 
Biological  Research  Institute  of  Nippon  Zeon. 

Recombinant  Baculovi ruses  and  Vaccinia  viruses 
containing  the  coding  sequences  of  the  structural  and/or 
nonstructural  proteins  of  Japanese  encephalitis  virus 
were  constructed.  The  antigenic  properties  of  the 
expressed  proteins  by  the  recombinants  were  evaluated 
using  a  panel  of  monoclonal  antibodies  against  the  E 
protein  of  JE  virus  and  polyclonal  antibodies  and  the 
molecular  size  of  the  proteins  were  analysed  by  Western 
blotting.  All  the  epitopes  detected  by  a  panel  of 
monoclonal  antibodies  were  demonstrated  on  the  E  protein 
expressed  by  the  recombinants  which  had  the  coding 
sequence  of  preM  and  NS1  to  add  to  E.  The  E  protein  was 
glycosilated  and  same  In  size  to  the  authentic  E  and 
transferred  to  the  surface  of  the  recombinant  Infected 
cells.  However,  the  E  proteins  expressed  by  the 
recombinants  which  had  no  preM  sequence  or  truncated  E 
sequence  showed  no  reactivity  with  the  monoclonal 
antibodies  and  were  not  demonstrated  on  the  cell  surface. 
The  NS1,  another  membrane  proteins,  expressed  by  the 
recombinants  constructed  with  NS1,  and  a  part  of  E  and 
ns2a  sequence  were  also  transferred  to  the  cell  surface. 
The  mice  Inoculated  with  the  E  protein  produced  by  the 
recombinant  Baculovirus  or  Infected  with  the  recombinant 
Vaccinia  virus  which  expressed  it  on  the  cell  surface 
developed  neutralizing  antibodies  and  protective 
activity  against  JE  virus  encephalitis. 
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IDENTIFICATION  OF  A  NEUTRALIZING  EPITOPE  OF  ENVELOPE 
GLYCOPROTEIN  (E)  OF  DENGUE  VIRUS  TYPE  2. 

Thaweesak  Trlrawatanapong  and  Radha  Padmanabhan. *  Depc. 
of  Biochem.  4  Mol.  Biol.,  Univ.  of  Kat  as  Med.  Center, 
Kansas  City,  Kansas  66103,  U.S.A. 

The  dengue  virus  genome  is  a  positive-stranded  RNA 
which  encodes  a  polyprotein  of  3391  amino  acids  In 
length  which  is  then  processed  into  three  structural 
proteins:  capsid  (C) ,  membrane  (M)  and  envelope  glyco¬ 
protein  (E)  and  at  least  seven  non-structural  proteins. 
Many  monoclonal  antibodies  (MAb)  which  exhibit  flavi¬ 
virus  group-specificity,  as  well  as  dengue  virus  type- 
specificity  have  been  previously  characterized  in  other 
laboratories,  some  of  which  can  neutralize  the  infec- 
tlvity  of  dengue  virus.  One  neutralizing  dengue  type 
2-specific  monoclonal  antibody  3H5  reacts  with  E  glyco¬ 
protein  which  is  expressed  on  the  surface  of  the  virus. 
Here,  we  describe  a  novel  approach  for  mapping  the 
epitope  recognized  by  3H5  MAb.  First,  E  protein  was 
expressed  in  Escherichia  coli  using  an  inducible  pro¬ 
moter  XPL.  The  immunoreactivity  of  this  3H5  MAb  was 
localized  within  180  amino  acid  coding  region  in  the 
C-terrainal  half  of  the  protein  using  a  aeries  of  in¬ 
frame  deletion  constructs  expressing  truncated  E  poly¬ 
peptides.  Second,  in  order  to  map  the  epitope  more 
precisely,  a  series  of  well-defined  deletions  within 
this  region  were  made  using  polymerase  chain  reaction 
and  synthetic  ollgodeoxynucleotides.  By  testing  each 
deletion  construct  for  expression  in  e.  coli  and  its 
reactivity  with  3H5  antibody,  its  epitope  was  deter¬ 
mined  to  be  within  a  region  of  12  amino  acids  in  length. 
A  synthetic  peptide  consisting  of  this  epitope  was 
shown  to  react  specifically  with  3H5  MAb  by  ELISA. 
Production  of  antisera  specific  to  this  peptide  is  in 
progress . 
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MOLECULAR  BASIS  OF  VIRAL  ANTIGENS:  LINKAGE  OF  SEQUEN¬ 
TIAL  AND  CONFORMATIONAL  NEUTRALIZATION  EPITOPES  OF 
POLIOVIRUS,  TYPE  1. 

Klaus  Wiegers*  and  Rudolf  Deroick 

Heinrich-Pette-Institut  fur  Experimentelle  Virologie 
-ad  I— >aclagie  an  der  .-,ab„rg,  Mariini- 

strasse  52,  2000  Hamburg  20,  F.R.G. 

Monoclonal  antibodies  (mAbs)  against  sequential 
neutralization  epitopes  were  obtained  by  a  combined 
in  vivo/in  vitro  iranunization  protocol.  The  antibo¬ 
dies  recognized  VPl  or  VP2  in  an  immunoblot  and  could 
be  competed  by  synthetic  peptides  representing  resi¬ 
dues  93-104  of  VP1  or  164-170  of  VP2,  respectively. 

The  epitopes  involved  at  least  residues  97— 1 0 1  of  VP1 
or  residues  165-167  of  VP2  as  defined  by  amino  acid 
substitutions  of  resistant  mutants.  Cross-neutraliza¬ 
tion  tests  of  the  mutants  with  mAbs  against  confor¬ 
mational  epitopes  revealed  a  linkage  between  these 
sequential  and  conformational  epitopes.  Insight  into 
the  structure  of  the  conformational  epitopes  was  ob¬ 
tained  by  mutants,  where  a  point  mutation  resulted  in 
a  substitution  in  a  neighbouring  loop  of  the  sequen¬ 
tial  epitope.  Thus,  the  conformational  epitope  o[  VP1 
is  formed  by  residues  within  loop  93-104  and  141-152 
at  the  5-fold  axis  of  the  virion.  The  conformational 
epitope  of  VP2  resides  within  a  double  loop  struc¬ 
ture,  formed  by  residues  127-185  near  the  2-fold  axis 
of  the  virus  particle.  This  combination  of  antibodies 
offers  valuable  tools  for  the  study  of  virus  neutra¬ 
lization  or  of  structural  changes  during  virus  morpho¬ 
genesis  and  virus-cell  interactions. 
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THE  ANTIGENIC  STRUCTURE  OF  POLIOVIRUS  TYPE  2  : 
SEROTYPE  CROSS-REACTIVE  MONOCLONAL  ANTIBODIES 
IDENTIFY  A  NEW  SITE 

N  Cammack*,  V  Patel,  M  Ferguson  and  P  D  Minor 
NIBSC,  South  Minns,  Potters  Bar,  EN6  3QG.  UK. 

Previous  studies  have  identified  an  antigenic 
site  (site  1)  cannon  to  all  three  poliovirus 
serotypes  (VPl  residues  89  to  100)  and  tw>  further 
canplex  sites.  Site  2  consists  of  residues  220-222 
from  VPl  (site  2a)  and  residues  164-172  fran  VP 2 
(site  2b).  Site  3  includes  residues  286-290  fran 
VPl  (site  3a)  with  residues  58-60  and  others  of  VP 3 
(site  3b).  Neutralising  monoclonal  antibodies 
(K2A)  prepared  against  the  Sabin  and  Lansing 
strains  were  used  to  isolate  and  characterise 
neutralisation  -  resistant  mutants  of  Sabin  type  2. 
TVenty-six  MCA  selected  mutants  at  the  expected 
frequencies  which  could  be  assigned  to  four 
distinct  groups  of  reactivity  by  cross-neutralisation 
tests.  RNA  sequencing  of  antigenic  mutants  in 
group  1  revealed  single  base  substitutions 
corresponding  to  amino  acid  changes  in  site  1. 

Groqp  2  antigenic  mutants  possessed  amino  acid 
substitutions  in  site  2a,  which  was  extended  in 
type  2  poliovirus  by  a  mutation  at  residue  217  in 
VPl.  Similarly,  group  3  mutants  collected  in  site 
2b,  also  extended  by  a  mutation  at  position  158  in 
VP2.  Mutants  in  group  4  were  selected  with  five 
MCA,  three  of  which  croas-react  between  serotypes  1 
and  2  in  neutralisation  and  antigen  blocking 
experiments.  Nucleotide  sequencing  has  located  the 
antigenic  site  identified  both  by  group  4  mutants 
and  by  mutants  of  Sabin  type  1  selected  with 
cross-reactive  MCA.  Antigenic  site  3  appeared  to 
be  cannon  only  to  serotypes  1  and  3. 
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HETEROGENEITY  IN  THE  HUMORAL  INtNUNE  RESPONSE  TO  NSt 
DIMER  AND  NS1  MONOMER  IN  PATIENTS  WITH  DENGUE  INFECTION. 
♦Cardosa,  M.J.,  Tio,  P.H.,  Noor  Sham,  S.  & 

Nimmannitya,  St 

School  of  Medical  Sciences .  Univer«iti  Sains  Malaysia, 
Minden,  Penang,  Malaysia  &  L.iitdren  s  hw^pital, 

Bangkok,  Thailand. 

Sera  obtained  from  serial  bleeds  of  patients  (from 
Thailand  and  Malaysia)  with  dengue  fever  or  dengue 
haemorrhagic  fever  were  analysed  by  Western  blotting 
for  reactivity  to  the  monomeric  and  dimeric  forms  of 
NS1  glycoprotein  of  dengue  virus.  Infected  and 
uninfected  cell  lysates  (C6/36  and  PS  Clone  0)  were 
compared,  and  the  virus  used  was  the  dengue  type  2 
strain  16681. 

We  have  evidence  that  the  major  response  to  virus 
infected  cells  in  humans  naturally  infected  with 
dengue  virus,  is  to  the  NS1  dimer.  The  antibody 
response  to  NS1  monomer  is  a  relatively  late  response, 
and  in  a  number  of  patients  we  have  not  been  able  to 
detect  antibody  to  NST  monomer,  even  in  convalescence, 
although  these  patients  have  a  strong  response  to  the 
dimeric  form  of  NSt  from  early  in  the  course  of  the 
illness. 

The  subclasses  of  IgG  responsible  for  the  NS 1 
dimer/monomer  specificities  have  been  investigated, 
and  we  have  evidence  that  IgG3  may  be  primarily  directed 
at  the  NS 1  monomer. 

These  data  are  compared  with  data  from  iimine  but 
well  donors,  and  their  relevance  to  pathogenesis  of 
dengue  haemorrhagic  fever  is  discussed. 
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ANALYSIS  OF  THE  CELLULAR  RECEPTORS  FOR  BOVINE 
CORONAVIRUS 

Beate  Gelnar*,  H.-J.  Gro0,  H.-D.  Klenk, 
R.Brossmer  and  G.  Herrler 

Inst. f .Virologie,  Universitat  Marburg, 
Marburg,  F.k. Germany 

Inst .  f  .Biochemiell .  Universitat  Heidelberg, 
Heidelberg,  F.R. Germany 

Bovine  coronavirus  (BCV)  has  been 
reported  recently  to  use  the  same  kind  of 
receptors  for  attachment  to  erythrocytes  as 
influenza  C  virus.  The  evidence  is  based  on 
the  finding  that  BCV  contains  the  same 
receptor-destroying  enzyme  (Vlasak  et  al., 
PNAS , 85 , 4526-4529 , 1988 )  as  influenza  C  virus 
the  enzyme  of  which  has  been  identified  as 
sialate  9-O-acetylesterase  (Herrler  et  al., 
EMBOJ.,4,  1503-1506,1985). 

We  have  performed  resialylation  studies 
with  erythrocytes  to  analyze  the  receptors 
for  BCV.  Only  red  blood  cells  containing  N- 
acetyl-9-O-acetylneuraminic  acid  were  found 
to  be  agglutinated  by  BCV  while  cells 
containing  sialic  acid  whithout  an  acetyl 
residue  at  position  C-9  were  resistant  to 
agglutination.  Incubation  of  MDCK  cells  with 
purified  acetylesterase  from  either  BCV  or 
influenza  C  virus  rendered  the  cells 
resistant  to  infection  by  BCV.  This  finding 
indicates  that  O-acetyl  residues  are  also 
used  by  BCV  as  receptor  determinants  to 
initiate  an  infection. 


46 


RGO  SYNTACTIC  PEPTIDES  AFFECT  FOOT  mouth  disease  virus  adsorp¬ 
tion  TO  CELLS.  Yechlel  Becker*  arc  Barry  Baxt#.  Dept.  Molecular 
virology,  Faculty  of  Medicine,  Hebrew  University,  Jerusalem,  Israel, 
and  #  Molecular  Biology  Laboratory,  USDA,  ars.  Plum  Island  Animal 
Disease  Center,  Creenport,  Mi  1194A,  USA. 

The  major  antigenic  domain  in  the  vPl  structural  protein  of  foot 
a.*4  rr  -►  4,sea^e  ^F'CV)  uf  Cl  C?  I;*4!-'**;:-},  C4  arn 

C3  contains  the  amino  acid  sequence  RCCL.  Isolates  of  serotype  A 
contain  attachment  sequence  in  fitjronectin  receptor  (E.  Ruoslahti, 
Ann.Rev.Biochem.  57:375,  1988*).  To  determine  the  role  of  the  RGO 

sequence  of  FK3V  VPl  In  the  interaction  of  tne  virus  with  cellular 
receptors,  we  examined  the  effect  of  synthetic  peptides  RGDS,  RCEL 
and  a  control  peoptide  RPOS  on  the  Dindlng  of  radiolabeled  fmov  to 
bovine  kidney  cells.  The  synthetic  peptides  *ere  purified  by  FPLC 
before  use  and  incubated  with  cells  for  H  hr  prior  to  the  addition 
of  5Huridine- labeled  FKN  type  A12.  The  peptide  ROX  at  a  concen¬ 
tration  of  200  (jg/ml  Inhibited  virus  adsorption  by  60-70  X  at  the 
same  concentration.  The  control  peptide  RPDS  inhibited  virus  absorp¬ 
tion  by  25-30  X.  The  inhibition  «as  dose  dependent,  but  less  than 
that  achieved  by  the  use  of  saturating  amounts  of  unlabeled  A12 
virus  to  compete  with  the  binding  of  the  labeled  virus.  These  re¬ 
sults  are  In  agreement  with  a  recent  report  on  the  role  of  RGDS  se¬ 
quence  in  F»CV  (Acharya  ef  w* . ,  Nature  337:709,  1989).  The  RGDS  and 
RGOL  peptides  were  able  to  irfiibit  the  binding  of  a  number  of  other 
subtypes  A,  0  or  C  suggesting  that  the  RGO  sequence  is  important  for 
adsorption  of  the  virus  to  susceptivbie  cells.  Since  the  Fmcv  sub- 
type  OIK  contains  RCFS  in  vP2  and  RGPl  |r.  VP3,  the  possibility  that 
FMO  virions  attach  to  more  than  one  receptor  molecule  needs  to  be 
explored.  Computer  analysis  revealed  tna  presence  of  RG  sequences  in 
rninovirus-2  and  u  vpi  (RCLF),  poliovirus  vPl  (RGAC)  and  hepatitis 
A  vpi  (RGPl).  It  Is  not  yet  known  if  these  sequences  are  involved  in 
the  attachment  of  these  viruses  to  receptors. 

Supported  by  a  grant  from  the  U.S.-Isreal  Binational  Agriculture 
Research  and  Development  Fund  (BARD). 


THE  UPTAKE  OF  SEMLIKI  FOREST  VIRUS  (SPV) : 

ROLE  OP  THE  CAPSID  (C) -PROTEIN. 

Omar*,  A.  and  Koblet,  H.:  Inst,  of  Hygiene  and 
Med.  Microbiol.,  Univ.  of  Berne,  Switzerland. 

SFV  infectB  susceptible  cells  by  the 
endocytotic  pathway  (Helenius  et  al.,  J.  Cell 
Biol.  84,  404  (I960)).  We  had  performed 

hydrophobic  interaction  chromatography  to 
investigate  the  relevance  of  viral  binding  to 
the  fusion  event  occuring  at  low  pH  between  the 
viral  and  endosomal  membranes.  We  found  that: 

1 )  the  Ei  protein  was  responsible  for  binding; 

2)  the  Ei  concomitantly  underwent  a 
conformational  change  upon  binding;  and  3)  low 
pH  treatment  of  bound  virus  led  to  a  dramatic 
increase  in  the  hydrophoblcity  of  the  Ei 
protein,  which  may  be  of  importance  for  the 
fusion  event.  We  have  prepared  viral  particles, 
which  are  devoid  of  Ea  and  Ea.  and  found  that 
these  Ei -viral  particles  are  infectious.  This 
showed  that  Ei  alone  is  necessary  and 
sufficient  for  infection.  In  addition,  we  found 
that  binding  of  the  virus  to  the  hydrophobic 
column  also  triggered  digestion  of  the  C- 
protein.  We  suggest  that  the  conformational 
change  of  the  Ei  occurring  upon  binding 
concomitantly  transmits  a  signal  across  the 
viral  membrane  leading  to  digestion  of  the  C- 
protein.  This  would:  1)  yield  greater  freedom 
for  the  spikes  i  o  move  in  the  lateral  plane  of 
the  viral  membrane  and  thus  facilitate  the 
fusion  event  occurring  in  the  endosomes;  and  2) 
initiate  the  unraveling  and  uncoating  of  the 
nucleocapsid  necessary  for  the  release  of  the 
viral  genome  after  fusion. 


ANALYSIS  OF  FOOT-AND-MOUTH  DISiASE  VIRUS  NEUTRALIZING 
IDIOTYPES  FROM  IMMUNE  BOVINE  AND  SWINE  WITH  ANTI-MURINE 
I0I0TYPE  PROBES. 

A.E.  Garmendia,  M.V.  Borca,  D.O.  Morgan,  &  B.  Baxt* 

USDA,  ARS,  Plum  Island  Animal  Disease  Center,  Greenport, 
NY  11944,  USA. 

Rabbit  anti-mouse  anti-idiotypic  antibodies  (aids) 
induced  by  foot-and-mouth  disease  virus  (FMOV)  neutra¬ 
lizing  monoclonal  antibodies  were  used  as  probes  to 
identify  anti-FMDV  idiotypes  in  immune  sera  from  bovine 
and  swine.  In  a  competative  radioimmunoassay,  four  of 
the  aids  exhibited  a  dose  dependent  capacity  to  compete 
with  labeled  virus  for  anti-FMDV  antibodies  from  a  con¬ 
valescent  bovine  serum.  Two  of  the  aids  that  exhibited 
the  highest  activity  were  immobilized  on  activated  Seph- 
arose.  and  used  to  isolate  anti-FMDV  antibodies  from  bo¬ 
vine,  swine,  and  murine  FMOV  immune  sera.  Both  the  bo¬ 
vine  and  swine  antibodies  recovered  from  the  ald-Sepha- 
rose  columns  reacted  with  virus,  and  to  a  lesser  extent, 
with  corresponding  monoclonal  antibody  resistant  viral 
variants.  The  binding  of  the  bovine  and  swine  a-FMDV 
antibodies  to  virus  was  specifically  inhibited  by  the 
homologous  aid,  and  in  addition,  bovine  and  swine  idio¬ 
types  were  capable  of  neutralizing  FMOV  in  both  suckling 
mouse  protection  and  plaque  reduction  neutralization 
assays.  Therefore,  by  means  of  aid  probes  generated 
against  FMDV  mu**ine  idiotypes,  two  neutralizing  idio¬ 
types  were  identified  tn  b ovine  and  swine.  These  re¬ 
sults  suggest  that  FMDV  neutralizing  epitopes  recognized 
by  murine  systems  can  play  a  role  in  the  overall  immunity 
of  FMOV  susceptible  animals. 


THE  CYTOTOXIC  T  CELL  RESPONSE  TO  FLAVIVIRUS 
Ann  B.  Hill*,  A.  Mullbacher,  R.V.  Blanden,  E.G. 

Westaway,  G.  Coia  and  C.R.  Parrish. 

Cell  Biology,  JCSMR,  AND.  Canberra,  Australia. 

T  cell  responses  to  flavivirus  infection  may  be 
important  as  an  essential  component  of  a  protective 
immune  response,-  alternatively,  they  may  play  a  role  in 
immunopathogenic  disease  such  as  DHF/DHSS.  MHC  Class  I 
restricted  T  cells  are  thought  to  recognize  epitopes 
consisting  of  a  peptide  derived  by  processing  of 
endogenously  synthesized  viral  protein  which  is  bound  to 
a  groove  in  the  MHC  class  1  molecule;  the  peptide/MHC 
combination  is  expressed  on  the  cell  surface.  We  have 
generated  from  5  mouse  strains  MHC  Class  I  restricted 
cytotoxic  T  cells  against  the  flavivirus  Kunjin,  and 
used  them  to  attack  a  panel  of  target  cells  infected 
with  one  out  of  eight  recombinant  vaccinia  viruses, 
which  between  them  contain  cDNA  of  the  entire  Kunjin 
genome.  We  have  found  that:  1.  Most  Kunjin  immune 
cytotoxic  T  cell  responses  are  directed  against  epitopes 
derived  from  non-struc tura 1 ,  cytosolic  viral  proteins. 

In  most  mouse  strains,  epitopes  derived  from  structural 
proteins  are  recognized  weakly  or  not  at  all.  Epitopes 
from  NS1  are  not  recognized.  2.  The  strongest 
epitope(s)  are  derived  from  a  region  of  100  amino  acids 
surrounding  the  NS3/NS4a  cleavage  site.  3.  Other 
epitopes  recognized  by  at  least  one  mouse  strain  include 
one  derived  from  NS5  or  the  carboxyl-terminal  of  NS4B 
(with  H-2S);  one  derived  from  NS4A/NS4B  (with  H-2  and 
a  second  epitope  in  NS3  remote  from  NS4A  (with  H-2  ) . 

4.  The  influence  of  MHC  on  Kunjin  epitopes  recognized  is 
profound:  no  one  Kunjin  sequence  is  recognized  by  all 
mouse  strains.  For  any  given  Kunjin  epitope,  most  MHC 
alleles  are  non-responders:  even  the  "  immunodominant*" 
site  around  NS3/NS4a  is  recognized  with  only  3  of  the  8 
MHC  alleles  we  have  been  able  to  test. 
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CHIMAERIC  VIRUSES  IDENTIFY  NEUTRALISING  ANTIBODIES 
TO  POLIOVIRUS  ANTIGENIC  SITES  IN  HIMAN  AND  ANIMAL  SERA 
D  j  wood1*,  K  Burke*,  M  Ferguson1  and  P  d  Minor1. 

NT  BSC,  pott-ern  Bar1,  *nd  University  of  •teadi'Yj*,  UF. 

Four  distinct  antigenic  sites  have  been  defined  on 
poliovirus  types  1  and  3  which  differ  in  their  imnuno- 
gemcity  in  mice.  This  study  reports  a  direct 
approach  to  analysis  of  the  neutralising  antibody 
response  of  hizrans  and  other  animals  to  type  3 
antigenic  sites  by  using  antigenic  chimaeras.  The 
chimaeras  tested  had  antigenic  site  1  (VPl  89-1.00)  of 
Sabin  I  replaced  with  antigenic  site  1  of  type  3 
strains.  Standard  neutralisation  tests  were  performed 
with  panels  of  sera  with  neutralising  activity  against 
type  3  but  not  type  1  virus.  Between  25  and  50%  of 
himan  sera  from  individuals  infected  with  live  virus 
(wild  type  or  vaccine)  neutralised  the  chimaeras 
depending  on  the  precise  seqiKnce  inserted.  This 
shows  that  antigenic  site  1  is  an  important  site  for 
neutralisation  of  poliovirus  type  3  in  at  least  some 
individuals.  Similar  evidence  was  found  in  rabbits, 
guinea-pigs,  monkeys  and  mice  immunized  with  live 
vinos,  in  animals  ability  to  neutralise  correlated 
with  strain  of  immunizing  virus.  For  example  sera 
from  guinea-pigs  and  monkeys  immunized  with  antigenic 
variants  of  type  3  did  not  neutralise  the  chimaeras. 
Sera  which  fail  to  neutralise  site  1  chimaeras  may 
have  antibody  directed  predominantly  against  other 
antigenic  sites.  Chimaeric  viruses  will  toe  ideal 
tools  to  investigate  this  possibility. 


ANTIGENIC  AND  FUNCTIONAL  ANALYSIS  OF  THE  FLAVIVIRUS  E- 
GLYCOPROTEIN  USING  SYNTHETIC  PEPTIDES. 

J.T.  Roehrig,  A.R.  Hunt  and  A.J.  Johnson.  DVBVD, 
Tin  rnr.  "cri-s,  r>HHS,  "  0.  Rox  2087,  Fort  Collins,  CO. 
80522,  U.S.A. 

We  have  used  computer  analysis  to  derive  synthetic 
peptides  from  the  deduced  amino  acid  sequences  of  the 
E-glycoprotelns  of  Murray  Valley  encephalitis  (MVE) 
and  dengue  2  (D2)  viruses.  Peptide  immunogenlcity 
appeared  to  depend  on  Inclusion  of  a  putative  helper  T- 
cell  epitope  as  predicted  by  the  Rothbard  motif.  Three 
Immunogenic  regions  were  identified  on  both  viruses: 
l)  amino  acids  35  to  170,  2)  225  to  275,  and  3)  300  to 
370.  Peptides  from  all  three  of  these  regions  elicited 
antiviral  antibody  and  were  readily  detected  by  human 
Infection  immune  sera.  A  peptide  from  amino  acids  35 
to  50  elicited  virus  neutralizing  antibody. 

Non-linear,  "structural"  peptides  which  included  a 
sequence  conserved  by  all  f lavivirus',s  (dui no  acids  98 
to  111)  elicited  antibody  which  recognized  pH  5 
denatured  virions  better  than  native  virions.  This 
result  implicates  this  conserved  region  in  flavivirua 
mediated  cell  fusion.  An  important  helper  T-cell 
epitope  was  identified  in  domain  2.  Domain  3 
corresponded  to  a  region  previously  defined  by  lambda 
expression  of  glycoprotein  fragments.  A  functional 
helper  T-cell  epitope  was  also  defined  in  this  region. 
Competitive  binding  assays  define  significant  overlap 
of  all  three  of  these  defined  domains  in  the  native 
glycoprotein. 


IMMUNOCYTOCHEMICAL  STUDIES  ON  POLIOVIRUS  RECEPTORS;  ITS 
TOPOGRAPHY,  DISARRAY,  AND  REMOVAL  BY  MONOCLONAL  ANTI¬ 
BODIES  AND  SECOND  LIGANDS.  + 

K.Marmweiler  .W.Bohn,  P. Nobis  ,  H.Hohenberg  and  G. Rutter. 
*Neinrich-Pette-Inst. f.exp. Virologie+u. Immunologie  a.d. 
Univ. Hamburg,  D  2000  Hamburg  20  and  Abt.Molekular  Biol. 
Univ.,  E.R.G. 

The  cellular  receptor  for  poliovirus  shows  a  duster- 
like  distribution  at  the  cell  surface,  as  demonstrated 
with  immunocytochemical  methods  in  electron-,1 ight-  and 
laser-scanning  microscopy  using  repl ica-i mnu nogold-  and 
fluorescence  probes. The  cluster-like  distribution  is 
no  longer  visible  after  incubation  of  unfixed,  native 
HeLa-  or  Vero-cells  with  the  monoclonal  antibodies  D170 
or  D710  preventing  poliovirus  infection  (Nobis  et  al., 

J.  gen.  Virol.  1985,  66,  2563).  The  antibody-receptor 
complexes  are  not  internalized  by  the  cells,  and  no 
ultra structural  alterations  are  detectable  within  the 
receptor  areas,  neither  in  ultra thin  sections  nor  in 
freeze-fracture  preparations.  The  complexes  can  still 
move  in  the  plane  of  the  plasma  membrane.  Up  to  24 
hours  they  can  be  reaggregated  by  a  second  ligand;  lea¬ 
ding  to  the  formation  of  large  positively  labelled 
iwnunocomplexes  (Mannweiler  et  al.,  Inst.  Phys.  Conf. 

Ser.  No.  93,  311,  1989).  These  immu nocomplexes  condense 
in  the  perinuclear  area  and  are  removed  from  the  cell 
surface  either  by  extrusion  or  by  internalisation  via 
non-coated  endocytlc  vesicles  into  membrane-bound 
compartments  of  the  cell. 

Supported  by  Gemeinmitzige  Hertie-Stiftung, 
Frankfurt/Main. 


A  Monoclonal  Antibody  Defined  Epitope  Map  of  Expressed 

Rubella  Virus  Protein  Domains 

Wol  insky,  J.S.*,  Al  len-Cannady.  O.,  Sirmons,  D. 

The  University  of  Texas  Health  Science  Center  at  Houston 
P.O.B.  20708,  Houston,  TX  77225 

An  expanded  library  of  nurine  monoclonal  antibodies 
(nAbs)  was  generated  by  infecting  Balb/C  mice  (Virology 
143:153,85)  and  selecting  secreted  hybrids  by  ELISA 
using  purified  virion  targets.  A  panel  of  cENA  clones 
encoding  the  structural  proteins  of  rubella  virus  (KV) 
was  provided  by  Dr.  T.  Frey  (Gene  62:85,88).  Plasmids 
containing  specified  KV  cENA  fragnents  were  constructed 
using  a  variety  of  strategies  into  the  pC£374  expression 
vector.  RecA-KV-LacZ  trihybrid  proteins  over-expressed 
in  E.  coli  were  then  probed  with  selected  mAbs  by  ELISA 
and  inmunoblot  approaches.  Current  data  localize  nAb 
defined  epitopes  within  the  following  domains:  MAbs  Cl, 
C2 ,  C8  bind  epitopes  within  the  predicted  amino  terminal 
29  amino  acids  of  the  capsid  region  C1-C29;  nAbs  E2-1 
through  E2-6  bind  to  the  E2  glycoprotein  backbone  region 
E2 1 -E2 115;  mAbs  El-18  and  El-20  bind  to  the  El 
glycoprotein  region  El i62~E1273 •  Al 1  of  these  nAbs 
appear  to  react  with  "linear"  epitopes.  MAb  El-18 
neutralizes  KV  infect ivity,  nAb  El -20  neutralizes 
infect ivity  and  blocks  hemagglutination.  A  synthetic 
peptide  (SP2)  representing  Ci 4 -C2 9  induced  polyvalent 
antibody  reactive  to  SP2,  the  appropriate  expressed 
trihybrid  protein  and  KV  in  ELISA.  These  and  other 
plasmid  constructions  and  SP  wi 1 1  be  presented  with  a 
strategy  useful  in  deducing  the  molecular  organization 
of  antigen  sites  of  this  hunan  pathogen. 


48 


P  121 


molecular  analysis  of  the  antigenic 

STRUCTURE  OF  FOOT-AND-MOUTH  DISEASE  VIRUS 
( FMDV) 

E.  Pfaff*,  H.  KUller,  B.  Haas  uhd 
H.-J.  Thiel 

Federal  Research  Centre  for  Virus  Diseases 
of  Animals,  7400  TUbinger*,  P.0.  Box  1149, 
Federal  Republic  of  Germany 

The  knowledge  of  the  FMDV  antigenic 
structure  is  necessary  for  the  development 
of  recombinant  and  synthetic  vaccines 
against  viral  infections.  For  this 
purpose  neutralizing  monoclonal  anti¬ 
bodies  (Mabs)  were  prepared  against  FMDV 
strain  O-Kaufbeuren  and  synthetic 
peptides. ^he monoclonal  antibodies  were 
characterized  by  various  immunological 
methods  including  Elisa,  Western  Blot  and 
plaque  reduction  assays  and  could  be 
divided  in  six  different  groups.  The 
antibody  binding  sites  were  localized  by 
competi  tion  experiments  and  amino  acid 
sequence  comparison  of  nine  different  FMDV 
strains  tested  in  a  plaque  reduction 
assay . 

In  addition  Mab  resistant  mutants  were 
selected  and  the  protein  sequence  of  their 
complete  Pl-coat  protein  region  were 
determined  by  c-DNA  sequencing.  Regarding 
these  results  we  have  identified  at  least 
6  different  epitopes  involved  in  virus 
neutralisation.  Two  of  them  are 
conformation  dependent,  the  others 
represent  sequential  epitopes. 
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ISOLATION  OF  DENGUE  VIRUS  (DEN)  TYPES  2  AND  3  FROM 
LEUKOCYTES  OF  PATIENTS  HOSPITALIZED  WITH  DEN  INFECTION. 
BL  Innis,  A  Nisalak*,  S  Nimmannitya.  Dept  of  Virology, 
AFR1MS  and  Children’s  Hospital,  Bangkok,  Thailand. 

Over  5  months  in  1988,  we  isolated  DEN  (2  DEN-1, 

13  DEN-2,  13  DEN-3)  from  28/75  children  with  confirmed 
infection  whose  plasma  or  washed  peripheral  blood  mono¬ 
nuclear  leukocytes  (PBLs)  were  separately  cultured  in 
Toxorhynchltes  mosquitoes.  DEN  was  recovered  from  both 
plasma  and  PBLs  in  20  cases,  from  PBLs  alone  in  6  cases 
and  from  plasma  alone  in  2  cases.  Virus  isolation  from 
PBLs  appeared  to  be  equally  frequent  in  primary  com¬ 
pared  to  secondary  infections  (3/8  v6  23/67),  despite 
the  failure  to  recover  any  DEN-2  viruses  from  primary 
cases,  and  in  dengue  fever  compared  to  hemorrhagic  fever 
(DHF)  (5/13  vs  21/61),  even  when  cases  were  stratefied 
by  the  presence  or  absence  of  anti-DEN  IgM.  13/25 
cases  with  no  anti-DEN  IgM  in  the  isolation  specimen 
had  positive  PBL  cultures.  5/6  cases  where  DEN  was 
isolated  from  PBLs  alone  had  detectable  IgM  (l.e.  the 
specimen  was  obtained  relatively  late  in  the  Infection). 
Geometric  mean  minimum  infection  rates  (MIR)  of  PBLs 
were  higher  in  cases  bled  early  (IgM  negative)  vs  late 
(IgM  positive  (p-0.043).  MIRs  appeared  to  be  higher  for 
primary  infections  compared  to  secondary  Infections. 
Differences  between  MIRs  of  DEN-2  and  DEN-3  infections 
were  not  observed.  Early  In  infection,  many  DEN 
patients  have  virus  replicating  In  PBLs.  Enhanced 
replication  may  not  occur  among  those  with  symptomatic 
secondary  DEN-3  infections,  nor  among  patients  with 
DEN-2  or  DEN-3  DHF  compared  to  those  with  dengue  fever. 
Target  cells  other  than  PBLs  or  host  or  virus  factors 
other  than  heterotypic  antibody  may  be  critical  in  the 
pathogenesis  of  DHF. 
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LOCATION  OF  NEUTRALIZATION  DETERMINANTS 
IN  THE  E  PROTEIN  OF  MURRAY  VALLEY 
ENCEPHALITIS  VIRUS.  R.C.  Weir*,  Eva  Lee,  Suzanne 
Hartley,  J.T.  Roehrig  and  L.  Dalg&mo.  Biochemistry 
Dept..  Faculty  of  Science,  The  Australian  Natl.  University, 
Canberra.  Australia. 

The  locations  of  antigenic  determinants  involved  in 
the  neutralization  of  the  flavivirus,  Murray  Valley 
encephalitis  virus,  have  been  defined  in  terms  of  their 
positions  in  the  amino  acid  sequence  of  the  E  protein.  Two 
approaches  were  used.  Firstly,  monoclonal  antibodies 
(mAbs)  spixific  for  the  E  -1c  epitope  were  used  to  select 
neutralization  resistant  variants.  Nucleotide  sequencing  of 
the  envelope  protein  genes  (E  and  M)  of  the  variants  showed 
that  in  each  variant  there  was  a  single  nucleotide  change  in 
the  E  gene  indicative  of  a  non-conservative  amino  acid 
substitution  in  the  E  protein  at  position  126  or  128. 
Secondly,  expression  of  segments  of  the  E  protein  as  b- 
galactosidase  fusion  proteins  in  E.  coli  has  allowed  the 
location  of  the  binding  site  for  another  epitope  specific  mAb 
(E’8)  to  the  amino  acid  sequence  200-223.  These  results  aie 
in  accord  with  the  molecular  model  proposed  for  the 
antigenic  structure  of  the  flavivirus  E  protein  (C.W.  Mandl  £i 
al.  J.  Virol.  63:  546-571,  1989). 
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TOE  SITES  OF  MULTIPLICATION  CF  VIKULOV?  AND 
DEMYELINATING  SEMLIKI  FOREST  VIRUS  IN  THE  MOUSE  CENTRAL 
NERVOUS  SYSTEM  _ 

Joan  M.B.  Smyth1  .  Brian  J.  Sheahan  ,  and 
£regory  J.  Atkins1 

Department  of  Microbiology,  Moyne  Institute.  Trinitv 
£ollege,  Dublin  2  and 

Department  of  Veterinary  Pathology,  Faculty  of 
Veterinary  Medicine,  University  College,  Dublin  4, 
Ireland. 

Tbe  virulent  L10  strain  of  Semliki  Forest  virus 
causes  a  lethal  encephalitis  m  the  central  nervous 
system  (CNS)  of  weanling  mice  following  in t roper itoneal 
infection,  whereas  the  M9  mutant  derived  from  it  is 
avirulent  but  induces  CNS  demyelmation.  In  SJL.  but 
not  BALB/c  mice,  M9  induces  persistent  demyelmation  in 
the  absence  of  virus  persistence.  We  have  used  m  situ 
hybridization  with  a  nboprobe,  and  immunogo  Id -silver 
staining  with  polyclonal  rabbit  anti-SFV  in  the  CNS  of 
both  BALB/c  and  SJL  mice.  In  both  mouse  strains  at  3-5 
days  post  infection,  L10  infects  both  neurons  and  glial 
cells.  For  M9,  infection  of  neurons  is  less  intense, 
tut  infection  of  glial  cells  triggers  immune -media ted 
demyelmation. 
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INDUCTION  OF  NEURAL  TUBE  DEFECTS  IN  IKE  FOETAL  HOUSE 
FOLLOWING  INFECTION  OF  TOE  MOTHER  WITO  TOE  TS  22 
MUTANT  OF  SEUJKI  FOREST, VIRUS  1 

Mobamed  J.E.M?F.  Mabruk  ,  Gwendoline  M.  Glasgow^ 

^  ,  m.  Flack2, .  Tenn  C.  Plan*  ’:v"  G.  Banrvgan  ,  2 

Joan  M.8.  Smyth1 ,  Aid^en  CSullivan1,  Brian  J.  Sheahan 
and  Gregory  J,  Atkins1 

1 Department  of  Microbiology,  Moyne  Institute,  Trinity 
College,  IXiblin  2 

^Department  of  Veterinary  Pathology,  Faculty  of 
veterinary  Medicine,  University  College,  IXiblin  4  and 
3 Department  of  Anatomy,  Faculty  of  Medicine,  University 
College,  Earlsfort  Terrace,  IXiblin  2,  Ireland. 

The  A 7  strain  of  Semliki  Forest  virus  (SFV)  is 
avuulent  for  adult  mice  when  given  intraperitoneally, 
but  is  rapidly  lethal  for  the  developing  foetus  follow¬ 
ing  infection  of  the  mother.  The  ts22  mutant  derived 
from  A7  is  teratogenic  for  a  proportion  of  foetuses 
following  infection  of  the  mother  at  day  8  or  10  of 
pregnancy.  We  have  shown  using  in  situ  hybridization 
w i \ h  nucleic  acid  probes,  and  by  immuno-gold  siivci 
staining  with  anti-SFV  antiserum  that  skeletal  and 
skin  defects  are  induced  by  infection  of  mesenchymal 
cells  of  the  developing  dermis  and  surrounding  car ill- 
agenous  plate.  In  contrast  to  other  tissues,  the 
central  nervous  system  was  poorly  stained  by  ICSS  and 
in  situ  hybridization.  Open  neural  tube  defects  were 
induced  indirectly  by  infection  of  mesenchymal  cells 
adjacent  tu  the  developing  neural  tube,  rather  than  by 
direct  infection  of  neuroepithelial  cells. 
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PERSISTENT  ENTEROVIRUS  INFECTION  OF  MUSCLE  IS  ASSOCIATED 
WITH  A  DEFECT  IN  VIRUS  GENOME  REPLICATION. 

LC  Archard*.  NE  Bowles,  CA  Freeke  A  L  Cunningham, 
Biochemistry  Dept,  Charing  Cross  &  Westminster  Medical 
School,  Fulham  Palace  Road,  London,  W6  8Rf,  U.K. 

Despite  the  failure  to  detect  infectious  virus  or 
virus-specific  antigens  in  clinical  samples,  persistent 
enterovirus  infection  has  been  implicated  in  chronic 
diseases.  This  has  arisen  principally  from  molecular 
hybridisation  studies  using  an  enterovi rus-specif ic  cDNA 
probe,  and  more  recently,  cRNA  probes,  which  have  re¬ 
vealed  the  presence  of  viral  RNA  in  the  affected  tissue 
of  a  significant  proportion  of  patients  with  chronic 
diseases  of  heart  and  skeletal  muscle. 

During  productive  infections  of  cells  cultured  i_n 
vitro,  virus  replication  involves  the  assyuctric  syn¬ 
thesis  of  a  preponderance  of  positive  strand  RNA,  via 
production  of  negative  strand  RNA  and  replication 
intermediates. 

We  have  shown,  by  the  use  of  ’’P-labelled  nboprobes 
m  slot  blot  hybridizations,  that  in  Coxsackie  62  virus 
infected  cell  monolayers,  positive  strand  RNA  is  pres¬ 
ent  in  greater  than  50-fold  excess  over  the  negative 
strand.  By  Northern  blot  analysis,  this  negative  strand 
RNA  is  present  only  as  a  species  approx  15  kb  in  size, 
probably  formed  by  a  hairpin  loop  to  a  molecule  of  the 
positive  strand  RNA.  However,  the  majority  of  the  posi¬ 
tive  stioiid  Rf.'A  'i  preset  as  ?  7.4  th  species. 

In  contrast,  tissue  samples  from  patients  with 
chronic  muscle  diseases  due  to  enterovirus  persistence 
contain  approx  equimolar  amounts  of  the  positive  and 
negative  strands  of  virus  RNA. 

These  data  suggest  that  a  defect  in  enterovirus 
replication  is  involved  in  the  establishment  of  per¬ 
sistent.  •,  n  feet  ion  in  vivo. 
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ATTENUATION, QF  FLAVIVIRUSES  BK  PASSAGE  IN  HeU  CELLS 
L.M.Dunfter1  ,  J.R.Stephensorr ,  P.D.  Minor  ,  and  A.D.T. 

of  Microbiology ,  University  of  Surrey, 
Guildford  U.K.  PULS  CAMR  rocton  Down,  Salisbury  U.K. 
and  JDiv. Virol  NIBSC,  Potters  Bar,  U.K. 

Several  workers  have  shewn  that  six  passages  of  the 
wild  type  yellow  fever  virus  (fr)  strain  Asioi  in  Hela 
cells,  results  in  the  generation  of  a  virus  which  fails 
to  cause  vi see ro tropic  disease  in  .uonkeys. 

We  have  exanined  Lhe  effect  of  six  Hela  cell 
passages  on  other  members  ot  the  Flaviviridae.  Both 
mosquito  and  tick-borne  viruses  were  passaged  in  HeLa 
cells  and  their  pathogenicities  determined  in  outbred 
mice.  Three  isolates  of  the  mosquito  borne  West  Nile 
virus  (WN)  were  attenuated  following  six  HeLa  cell 
passages.  UN  strain  Sarawak  was  attenuated  4,000  fold 
for  mice  whereas  WN  strains  Egypt  101  and  Smithbum 
viruses  were  totally  avirulent  for  mice  and  had  in 
addition  lost  the  ability  to  infect  monkey  kidney 
cells.  HeLa  passaged  UN-Sarawak  differed  biologically 
from  the  parent  virus  by  monoclonal  antibody  studies 
and  also  the  presence  of  a  temperature  sensitivity 
marker.  Attenuation  of  WN-Sarawak  in  HeLa  cells  was 
shown  to  specifically  involve  the  envelope  protein 
gene.  In  contrast  to  the  above,  the  two  tick-borne 
isolates  remained  fully  virulent  for  mice  following 
HeLa  cell  passage.  The  results  show  that  HeLa  cell 
attenuation  is  not  limited  tc  VF  strain  Asibi,  but  may 
however  be  specific  for  mosquito  borne  viruses 
following  six  passages.  Attenuation  of  WN  virus  is 
correlated  with  biological  alterations  in  the  virus. 
We  propose  the  use  of  HeLa  cell  attenuation  in  the 
study  of  determinants  involved  in  the  attenuation  of 
F la vi viruses. 
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retro specuve  serological  control  of  persons 

PREVIOUSLY  VACCINATE0  AGAINST  TICK-BORNE 
ENCEPHALITIS 

Ferenczi,  Emfike,  Uept . Virol .Natl . Inst . Hygiene , 
Budapest,  Hungary 

Killed  Tick-Borne  Encephalitis  vaccine 
FSME-Immun  prepared  by  the  firm  "1MMUN0"  in 
Austria  has  been  used  in  Hungary  since  1977. 
The  seroconversion  rate  was  found  to  be  about 
0.75  according  to  a  preceeding  field  trial 
between  1977  and  1979  (Molndr.E., 
Erdfis  ,L . ,Fornosi ,F . t  in : T ick-Borne  Encephalitis 
/Ed.  Kunz,Ch./  Baden,  Vienna,  1979).  No  TBE 
cases  has  been  observed  till  now  among  people 
vaccinated  during  that  period.  In  contrast  to 
this  14  serologically  verified  acute  TBE  cases 
have  been  recognized  among  persons  who  had  been 
vaccinated  with  the  complete  three  doses  of  a 
further  purified  vaccine  between  1979  and  1983. 

i  1 1  c  presence  of  specific  TBE  antibodies  was 
tested  in  19B7-B8  on  529  serum  samples  from 
persons  who  had  received  three  doses  of  vaccine 
between  1977  and  1905.  Only  U.50  part  of 
persona  vaccinated  between  1977  and  1979 
remained  seropositive.  However,  the  rate  of 
seroposi tivity  was  as  iow  as  0.25  among  people 
vaccinated  between  1900  and  1903.  The  overall 
seropositivity  rate  was  0.33  in  the  total 
group,  while  in  a  group  of  60  individuals  with 
comparable  vaccination  history  a  seropositivity 
rate  of  0.72  was  measured  several  years  after  a 
fourth  dose  of  the  vaccine.  These  results 
indicate  the  necessity  of  both  the  revaccinaton 
and  the  control  of  postvaccination 
immune responses . 
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DBCUE  VIRAL  ANHGEN(S),  ANTIBODIES  /GAINST  DENGUE  PCtYPEFTIDES , 

AND  amiMENT  C3  IN  SEEa  Cf  PRIMARY  DEN3JE  INFECTION. 

*.  UiurUbccnchart*,  N.  .hanarepravati  and  S.  SLrLnsvtn. 
Faculty  of  Science,  ttahidol  University,  Bangkok  10400,  Thailand. 

The  findings  In  sera  collected  frtm  dengue  hermiinagic 
fever  (DHF)  patients  during  adnisaicn,  before  any  treatment  had 
been  given,  can  be  summarized  as  follcwe: 

1.  C3  depletion  accompanying  by  the  presence  of  C3  split 
products  correlated  with  severity  of  illness. 

2.  Viruses  can  be  isolated  fron  9  out  of  29  primary  dengue 
infected  patients  (31.07.).  7  of  than  were  identified  as  dengue 
type  3  virus,  ard  the  other  two  were  dengue  type  1  and  type  2. 

3.  In  acute  phase,  only  IgM  antibodies  to  dengue  viruses 
can  be  detected  by  Q.LSA  technique.  These  antibodies  are 
against  NS3  and  NS5  polypeptides  as  detected  by  imnmoblot  with 

enzytne  Lnmunoas  s  e  y . 

4.  ELISA  to  detect  specific  dengue  IgG  antibody  and 
i.Ttnunoblot  to  detect  IgG  antibody  to  dengue  peptide  in  acute 
sera  revealed  negative  results  in  all  cases.  IgG  antibodies  to 
envelope  protein  (E)  and  NS3  are  the  first  tv©  antibcdles  to 
polypeptide  which  can  be  identified  in  convalescent  sera. 

In  seme  cases,  antibody  to  NS3  appeared  before  the  IgG  antibody 
to  envelope  protein. 

Data  suggested  that  in  prim'y  dengue  Infection,  shock 
syndrome  occurred  without  an  existence  of  IgG  antibodies  to 
dengue  virus,  while  IgM  antibodies  appeared  in  moat  cases. 
Antibodies  to  the  NS3  arei  NS5,  which  are  the  virus  ncnstructural 
^retains,  appeared  upidiy.  an  existence  of  dengue  viruses, 
Ig,M  ard  IgG  antibody,  C3  split  products,  and  antibodies  to 
dengue  polypeptides  in  connection  with  the  severity  of  this 
dlse.se  will  be  presented  art)  discussed. 

This  work  was  supported  by  a  research  grant  from  U.S.  Agency  for 
International  Eew.-lcjrur.t  {USAID),  grant  no.  936- 5542-G-OO- 7029-00 
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POINT  MUTATIONS  AND  A  LAE GE  DELETION  RESPONSIBLE  FOR  THE 
ATTENUATED  PHENOTYPE  IN  NEUTRALIZATION  ESCAPE  MUTANTS  PROM  A 
CHIMAERIC  TYPE  1/TYPE  2  POLIOVIRUS.  T  Couderc1.  A  Martin*. 

C.  Wychowskl*.  K.  Clrard*.  P.  Horsed1  and  R.  Crsinic1.  'Medical 
Virolojy  Unit  snd  *Moiecular  Virology  Unit.  Pssteur  Institute. 
Tar  is.  Francs . 

A  chioaeric  poliovirus  was  conatructsd  by  substituting  the 
antigenic  site  i  (amino  acid  sequence  94  through  102  of  capeid 
polypeptide  VPl )  of  type  I  poliovirus  (PV-1)  Mahoney  strain  with 
that  of  PV-2  Lansing  strain  (Martin  et  si .  EHBO  J..  198S,  .7, 
2839).  As  compared  to  its  PV-1  parent,  the  antigenic  hybrid  virus 
thus  obtained  (vSlO)  was  neutralized  by  antibodies  directed 
against  antigenic  site  1  of  PV-2  and  was  neurovirulent  for  mice. 
Neutralization  escape  mutants  were  isolated  from  vSlO  with  two  PV- 
2  site  1  neutralizing  monoclonal  antibodies  (N.'.bs) .  Ho  (9 
mutants J  snd  U02  (t  mutants J.  The  resistance  to  neutralization 
with  MAb  IIo  was  not  slways  accompanied  by  resistance  to  antibody 
K02,  confirming  tha  possible  independent  variation  of  the  two  PV- 
2' specif ic  epitopes  Mutations  csuslng  resistance  to  MAb  H02 
clustered  in  the  C-terminal  pert  of  the  PV-2  sequence  of  VPI  (Ljr* 
99  and  Arg  100).  while  those  to  IIo  were  found  in  the  N-tereilnsl 
of  antigenic  Site  1  at  Asp  93  and  Asp  93.  snd  also  outside  the 
sncigcnic  replacement  loop  at  Leu  10a.  In  one  of  the  escape  K02 
mutants  (516  HI),  the  whole  substituted  sequence  (St  94-102)  wes 
deleted.  As  suggested  by  thermolsbillty  of  the  virus  at  45*C. 
mutations  Asp  93  ->  Gly  (but  not  Asp  95  ->  Ain),  Lys  99  ->  GIu. 
Arg  100  ->  His  and  a  94-102  deletion  altered  the  capsid  stability 
of  the  mutated  viruses  Like  the  parental  v310.  moft  of  the 
mutants  have  a  good  replicative  capacity  »t  supra-optimai  (40*0 
temperature,  as  the  parental  vSlO,  except  the  Asp  93  ->  Gly 
variant  and  the  94-102  deletion  mutant,  which  were  ts*.  While  the 
ti-  character  wis  accompanied  by  the  lose  of  neurovirulence  in 
mice,  the  it*  market  was  not  always  correlated  with  virulence, 
since  in  12  of  13  variants  the  mutation  Induced  an  attenuated 
phenotype . 
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IN  SITU  HYBRIDIZATION  ANALYSYS  OF  TYPE  1  POLIOVIRUS 
MULTIPLICATION  IN  THE  CENTRAL  NERVOUS  SYSTEM  OP  MONKEYS. 
Th6r6se  Couderc1.  Christina  Christodouiou* ,  Fiorian 
Hoiaud1,  Hfilei.a  Kopecks*,  Susan  Karsden*,  Leslie  Frank 
Taffs*  Philip  Minor*,  and  Radu  Crainic1.  xVirologie 
Mddis.ale  and  *Virologie  Molfcculaire.  Institut  Pasteur. 
Paris.  France,  and  ’National  Institute  for  Biological 
Standards  and  Control,  Blanche  Lane,  Potters  Bar,  U.K. 

In  order  to  detect  virus-containing  neural  cells  in 
pol iovirus-infected  monkeys,  we  developed  in  situ 
hybridization  for  viral  RNA  with  a  pol iovirus- specif ic 
riboprobe  (nucleotides  221-670  from  the  5’  non-coding 
region  of  type  1  poliovirus  (PV-1)  Mahoney).  Using  this 
method,  the  presence  of  poliovirus  genomes  was  studied 
in  histological  preparations  of  the  central  nervous 
system  (CNS)  of  monkeys  inoculated  intraspinally  with 
virulent  or  attenuated  (Sabin)  PV-1.  In  monkeys  paraly¬ 
zed  after  the  inoculation  of  a  neurovirulent  revertant 
of  PV-l  / Sabin  strain,  viral  RNA  was  detected  in  motor- 
neurons  and  their  processes  and  in  polynuclear  and  small 
neural  cells.  By  quantitative  in  situ  hybridization,  the 
viral  replication  at  the  single-cell  level  was  analysed 
and  it  was  thus  shown  that  the  death  of  motoneurons  was 
due  to  the  direct  effect  of  poliovirus  replication  in 
these  cells.  The  role  of  polynuclear  cell®  seems  to  be 
confined  to  the  removal  of  necrotic  neurons.  The  study 
of  neural  histological  lesions  of  monkeys  paralysed 
after  infection  with  attenuated  PV-1  as  compared  to 
those  infected  with  the  virulent  strain  revealed  two 
major  differences  ;  i)  the  number  of  destroyed  motor- 
neurons  was  reauced  and  limited  to  the  inoculation  site 
and  ii)  the  inflammatory  reaction  was  localized  but  was 
more  intense. 
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A  COMPARATIVE  STUDY  ON  THE  SENSITIVITY  CF  JAPANESE 
ENCEPHALITIS  VIRUS  IN  R. MONKEY  AND  MICE 

Ao  Jian*  Yu  YongXin*  Li  HeMin*  National  Institute 
for  the  Control  of  Pharmaceutical  and  Biological 
Products,  Eeijir.g  100050,  China 

The  sensitivity  of  Japanese  encephalitis  virus(JEV) 
in  monkey  and  mice  is  unknown  yet.  Many  Researchers 
on  the  study  of  the  safety  of  JS  live  vaccine  should 
be  passed  through  monkey  finally.  We  have  studied  the 
pathogenicity  of  JEV  in  monkey  and  mice  and  found  out 
that  the  virulence  of  JEV  was  declined  following  the 
increasing  of  passage-times  in  Primary  Hamster  kidney 
cell(PHKC).  Concerning  the  SA  14  parent  strain,  when 
the  LD50  in  weanling  mice  was  5*00-6.53,  the  LD50  in 
weanling  monkey  was  also  \  5»50.  When  the  filial  . 
strain  was  passaged  at  50  times,  the  LD50  ir  weanling 
mice  was  declined  to  1.43-2.44,  the  4  tested  weanling 
monkeys  were  sacrificed  Just  only  one,  its  LD50  was 
40.0.  While  it  was  passaged  at  100  times,  the  LD50 
in  weanling  mice  was  further  dropped  to  <0.0-3.58, 
and  there  were  8  to  fall  fever,  one  appearing  Neu¬ 
rotic  symptoms  amoung  the  17  tested  weanling  monkeys. 
The  5  strains  of  livs  vaccine  have  completely  lost 
the  virulence  both  in  monkey  and  mice.  According  to 
these  data, we  considered  that  the  pathogenicity  of 
JEV  was  equal  to  monkey  and  mice,  even  the  mice  was 
more  sensitive  than  the  monkey.  However,  the  clinical 
study  was  not  enough  to  prove  using  mice  in  stead  of 
monkey.  For  this  purpose,  we  have  to  etudy  the  chan¬ 
ges  of  cytopathology  caused  by  JEV  both  in  monkey  and 
mice. 
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CHARACTERIZATION  CF  THE  YELLOW’  FEVER  VIRUS  17DD  STRAIN. 
P.R.Post;R.Carvalho;C.N.Santoa;O.S. Lopes  and  R.Galler*. 
Fundaqao  Oswaldo  cruz .Departamento  de  Bioquimica  e  Bio- 
logia  Molecular;  Biomanguinhos ;  Rio  de  Janeiro,  Brazil 
CEP  2 10 AO. 

The  Oswaldo  Cruz  Foundadon  produces  several  million 
dosis  of  yellow  fever  vaccine  each  year,  accounting  for 
a  large  proportion  of  the  YF  vaccine  prepared  worldwide. 
As  part  of  a  broader  program  to  determine  the  molecular 
basis  for  attenuation  of  flaviviruses  using  YF  as  a 
model,  'he  YF  17DD  strain  should  be  characterized  in 
detail.  We  report  here  on  the  purification  of  the  17DD 
virus  directly  from  virusinf ected  chick  embryo  homogena¬ 
tes,  which  is  the  source  of  virus  used  for  vaccination 
of  millions  of  people  in  Brazil  and  other  countries  for 
almost  SO  years. 

Neutralization  and  haemagglutination  tests  showed 
that  the  purified  virus  is  similar  to  the^priginal  stock. 
Furthermore,  radioimmunoprecipitation  of  s-methionine- 
labeled  viral  proteins  using  mouse  hyperimmune  ascitic 
fluid  revealed  identical  patterns  for  the  purified  17DD 
virus  and  the  17D-2Q4  stock.  Finally,  comparison  by 
northern  blot  hybridizations  of  virion  RNAs  of  purified 
17DD  with  two  other  strains  of  17D  virus (17D-204  and  17 
D-213  )  shows  genome-sized  molecules  for  all  three 
viruses.  We  are  now  constructing  a  cDN'A  library  of 
the  purified  17D0  virus  in  order  to  derive  the  nucleoti 
de  sequence  corresponding  to  the  vaccine  phenotype. 

This  work  was  supported  by  FIPEC(l. 1940-2)  and  CNPq. 
We  thank  C.M.Rice  for  the  gift  of  170-204  virus  and  cDNA 
clones . 
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EFFECT  OF  SUBSTITUENT  ON  THE  MODE  OF  ACTION  OF 
ANTIRHINOVIRAL  9-BENZYL  PURINES. 

J.W.T.  Selway*  and  J.L.  Kelley,  Wellcome  Research 
Laboratories,  Beckenham,  Kent,  U.K.  Burroughs 
Wellcome  Co.,  Research  Triangle  Park,  N.C  27709, 
U.S.A. 

Rhinovlruses  are  an  economically  important  and 
therefore  attractive  target  for  chemotherapy.  The 
9-Benzyl  purines  are  new  agents  which  inhibit  repli¬ 
cation  by  binding  to  the  virus  capsid.  Previous 
studies  have  demonstrated  similarity  In  the  mechanism 
of  action  of  BW  429U  and  4'  ,6-dichlorof lavan  (BW683C), 
a  known  capsid  binding  compound.  In  this  study  the 
mechanism  of  action  of  two  9-benzyl  purlnea  has  been 
compared.  BW  B429U  and  BW  C160U  differ  by  CF$  and  Cl, 
at  C2  of  the  purine  nucleus.  Mutants  which  are 
resistant  to  the  compounds  are  cross-resistant.  In 
potency  and  yield  reduction  the  compounds  are  similar 
but  thslr  effects  In  time  of  addition  and  direct 
inactivation  studies  reveal  that  both  compounds  bind 
but  BW  B429U  Inactivates  also.  The  difference  in 
action  may  be  due  to  the  strongly  electron-withdrawing 
CF)  substituent.  The  rhinovlruses  have  antigenlcally 
distinct  immunogenic  areas  on  the  capsid.  This 
variation  in  protein  may  cause  the  differences  In 
binding  affinity  of  antiviral  agents.  9-Benzyl  purines 
may  be  useful  tools  in  the  determination  of  rhlnovlrus 
capsid  structure  and  function. 

These  studies  highlight  the  difficulties  in 
developing  broad  spectrum  antirhlnoviral  compounds. 
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A  SINGLE  AH  I  NO  ACID  EXCHANGE  IN  THE  E- 
PROTEIN  OF  TICK-BORNE  ENCEPKALITIS-VIRUS 
LEADS  TO  ATTENUATION  OF  MOUSE  VIRULENCE 
H.  Hoizmann,  F.X.  Heinz  ,  C.  Handl ,  F. 
Guirakhoo,  C.  Kunz.  Institute  of  Virology, 
Unlveraity  of  Vienna,  Austria. 

Variants  of  tick-borne  encephalitl"  (TBE) 
virus  were  selected  by  growing  the  virus  in 
the  presence  of  neutralizing  monoclonal 
antibodies.  Seven  mutants  were  thus 
obtained,  which  differed  by  the  wild-type 
by  only  a  eingle  amino  acid  exchange  and 
had  lost  their  capacity  to  bind  the 
selecting  monoclonal  antibody. 

The  amino  aoid  exchanges  were  looated  at 
different  sites  in  the  envelops  protein  E 
of  TBE-virus,  corresponding  to  different 
antigenio  domains. 

These  mutants  were  compared  with  respect  to 
their  virulenoe  upon  i.c.  Inoculation  of 
suckling  mice  and  s.c.  inoculation  of  adult 
mice.  One  of  the  mutants  revealed  e 
strongly  reduced  pathogenicity  after 
peripheral  inoculation,  but  retained  ita 
capacity  to  replicate  in  mice  and  to  induce 
a  high  titered  antibody  response.  Infection 
with  the  attenuated  mutant  resulted  in 
resistance  to  challenge  with  virulent 
virus . 
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COMPLEMENT  AND  CIRCULATING  IMMUNE  COMPLEXES  IN  THE 
PATHOGENESIS  OF  SHOCK  AND  LEAKACE  IN  DENGUE  KAEMOR- 
RHACIC  FEVER 

*Malae It  P,  Mongkolsapaya  J,  Slnghathong  B,  Nlramannlt  S, 
and  Suvatte  V.  Dept,  of  Medicine  and  Pediatrics,  Strlraj 
Hospital,  Mahidol  U.,  Children  Hospital,  Bangkok 
Thailand. 

Complement  system  is  known  to  be  activated  in  Dengue 
Haemorrhagic  fever  (DHF).  Circulating  immune  complexes 
(CIC)  had  been  Incriminated  as  the  main  cause  of  its 
activation.  To  confirm  the  above  findings,  complement 
C3,  C4  and  anaphylatoxlns  (C3a  and  C5a)  were  measured  In 
the  plasma  of  36  patients  with  DHF.  Circulating  inxnune 
complexes  were  sssayed  by  Clq  and  Conglutlnin  blndl  g 
assays.  Soluble  terminal  complement  comple  .  (sC5b-9)  was 
assayed  by  an  ELISA  method.  Levels  of  C3  and  C4  were 
found  to  be  low  during  the  period  of  ahock  and/or  during 
the' subsidence  of  fever.  Their  levels  correlated  in¬ 
versely  with  the  dleeaee  severity.  Sharp  and  high  peake 
of  C3a,  C5a  and  SC5b-9  were  detected  at  the  time  of  the 
appearence  of  ahock.  Small  amount  of  CIC  wsra  datected 
by  the  two  aaaaya  and  thalr  levels  correlated  poorly 
with  disease  severity. 

The  above  findings  confirm  the  active  role  of  com- 
plement/anaphylatoxlna  In  the  pathogenesis  of  shock  In 
DHF;  but  fall  to  identify  significant  amount  of  CIC. 
Comparad  with  the  profiles  of  complement  activation  in 
typical  circulating  inxnune  complex  disease  such  ee  SLE, 
relatively  larger  amount  of  anaphylatoxlns  were  gene¬ 
rated  In  DHF.  The  complement  system  wee  activated  to 
completion  In  DHF  as  Indicated  by  the  raised  levels  of 
SC5b-9  complex.  The  data  indicate  a  very  efficient  com¬ 
plement  activation  In  DHF. 
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THE  MECHANISM  OF  ALTERED  SINDBIS  VIRUS  NEUROVIRULENCE 
ASSOCIATED  WITH  A  SINCLE  AMINO  ACID  CHANGE  IN  THE  E2 
CLYCOPROTEIN 

I  2 

Pamela  C.  Tucker  ,  Chang  S.  Hahn  ,  Ellen  G.  ^ 
Strauss^,  James  H.  Strauss^,  and  Diane  E.  Griffin  * 

lThe  Johns  Hopkins  University  School  of  Medicine, 
Baltimore,  MD  and  ^California  Institute  of  Technology, 
Pasadena,  CA 

Changes  in  the  amino  acid  sequences  of  both  the 
El  and  E2  glycoproteins  of  Sindbis  virus  have  been 
demonstrated  to  affect  virulence.  However,  the 
mechanism  by  which  these  changes  alter  virulence  is 
unknown.  We  have  studied  two  recombinant  viruses,  TE 
and  TES,  containing  either  Gly  (TE)  or  Arg  (TES)  at 
residue  172  In  the  E2  glycopiotein.  TE  causes 
earlier  death  (3.6  d)  than  TES  (4.8  d,  p  <  .001) 
after  s.c.  inoculation  of  newborn  mice.  Growth  of  the 
2  strains  is  similar  in  BHK  and  _  cells  but  TE  grows 
more  rapidly  than  TES  in  N-18  neuroblastoma  cells  and 
in  the  brains  of  newborn  mice.  TE  induces  viral  RNA 
synthesis  in  N-18  cells  earlier  than  TES  anu  binding 
of  TE  to  N-18  cells  is  more  efficient  than  binding  of 
TES.  These  data  suggest  that  the  amino  acid  occupylr  > 
position  172  of  the  E2  glycoprotein  is  important  for 
binding  of  Sindbis  virus  to  neural  cells  and  that 
arairo  acid  changes  at  this  position  affect  neuro- 
virulence. 
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PATHOGENICITY  AND  REPLICATION  OF  ENCEPHALITIC 
TOGAVIRUSES  IN  MOUSE  ORGANOTYPIC  SPINAL  CORD 
CULTURES. 

Shahar,  A.,  Lustig,  S. ,  Akov,  Y. ,  David,  Y. , 
Schneider,  P. and  ‘Le  in,  R.  Department  of 
Virology,  Israel  Institute  for  Biological 
Research,  Ner.-  Ziona  70450,  Israel. 

The  pathogen i c i ty  of  two  encephal i ti c 
t'j-javirjses,  sindbis  virus  (SV>,  an  alphavirus 
anti  West  Nile  virus  <WNV>,  j  flavi  'irus,  was 
studied  m  organotypic  cultures  of  fetal  mouse 
spinal  curd  slices  grown  in  roller  tubes. 

After  about  weoF  in  vi  t  •  o.  during  which 
tun'  the  cultures  became  abundantly  myelinated, 
they  wt’r  e  infected  either  by  pfu  5V  or 

t- 1  Bi.lV*  pfu  WNV  per  culture.  The  viruses 
caused  different  patterns  of  cy topathcgeni c i ty : 
jv  induced  severe  cytotoxicity  in  all  glia 
cell'-,  and  neurons  with  '..ancom;  tant. 
deft  i>  e  1  i  n  a  i  i  'ji  i  within  40  hours.  I  r  contrast, 
WWV,  even  4  day:,  after  infection  caused  only 
•I*;  Id  cyto.iathic  effects  mainly  to  neurons  and 
astrocytes  and  a  slight  degree  of  damage  to 
II  •}  myel  in  sheath.  A  nust  remarkable  finding 
was  trie  ent'  apme-nt  of  WNV  particles  in  the 
iMerperiod  lines  of  the  myelin  sheaths, 
treatment  of  cultures  mi \h  mouse  alpha  and 
Let  t  interferon  pr  ior  tc-  ttieir  infection  with 
either  virus  protected  the  cultures  frot  any 
/i'  ol  da-  age.  Long-term  exposure  of 
nomnfected  control  organotypic  cultures  of 
fetal  spinal  cord  slices  to  mouse  interferons 
had  no  significant  effect  on  neuronal  and 
glial  d i  f f er ent i .  •  t ■ uo ,  and  myelin  formation. 
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MODIFICATION  OF  P0LI0VIRI0N  PROTEINS  BY  HOST  PROTEASES 
T.Hovi*  and  M.Roivainen,  Mol  Biol  Unit  and  Enterovirus 
Lab,  National  Public  Health  Inst,  Helsinki,  Finland 

Selective  cleavage  of  the  BC  loop  of  VP1  is  a  known 
effect  of  the  intestinal  protesse  trypsin  on  several 
poliovirus  strains.  We  have  found  that  plasmin,  the 
activation  product  of  the  plasma  proenzyme  plasminogen, 
is  also  able  to  bring  about  VPl  cleavage  and  concomitant 
antigenic  changes  similar  to  those  produced  by  trypsin 
(Ref . 1 ) . 

Studies  with  neutralizing  monoclonal  antibodies  with 
known  target  sites  in  the  virion  indicated  that,  as  a 
consequence  of  the  cleavage  of  the  BC  loop  of  VPl ,  other 
antigenic  sites  become  more  easily  accessible  to  anti¬ 
bodies  (2).  This  conclusion  was  based  on  titer  increa¬ 
ses  determined  with  RACINA,  a  new  assay  specifically 
developed  for  measuring  neutralizing  antibodies  to 
protease-cleaved  polioviruses  (3). 

While  representatives  of  all  three  serotypes  of 
poliovirus  can  be  cleaved  by  host  serine  proteases,  a 
type  3-specific  phenomenon  was  an  apparent  **leavage- 
mduced  enhancement  of  the  uncoat ing  phase  of  the  vira1 
replication  cycle  (2). 

These  observations  suggest  that  the  host  enzyme- 
dependent  modification  of  poliovirion  proteins  may  have 
a  role  in  the  pathogenesis  of  poliovirus  infection  in 
vivo. 

References: 

(1)  Roivainen  et  1.,  submitted 

(2)  Roivainen,  submitted 

(3)  Hovi  and  Roivainen:  J  Clin  Microbiol  27:709-12,1989 


P  140 


DENGUE  INFECTION  LLICITS  CROSS-REACTIVE  ANTIBODIES  TO 
PLASMINOGEN. 

•Lewis  Markoff,  Laboratory  of  Infectious  Diseases,  NIAID, 
NIIl,  Bethesda,  MD  20892. 

Computer  analysis  of  the  predicted  amino  acid  se¬ 
quence  of  ine  dengue  envelope  glycoprotein  (serotype  4, 
strain  814609)  revealed  that  it  contains  a  sequence  of 
20  amino  acids  (residues  101  to  121)  with  similarity  to 
a  21  amino  acid  sequence  contained  in  a  family  of  ser¬ 
ine  proteases  which  function  in  blood  clotting  (plasmin¬ 
ogen,  prothrombin,  Factor  X,  tissue  plasminogen  activa¬ 
tor,  urokinase).  The  dengue  envelope  sequence  in  ques¬ 
tion  is  highly  conserved  among  f  ’.avfviruses .  ELISA 
using  murine  hyperimmune  ascitic  fluids  indicated  that 
dengue  but  not  Japanese  encephalitis  (JE)  or  St.  Louis 
encephalitis  virus  antibodies  could  cross-react  with 
plasminogen  and  prothrombin.  ELISA  using  peptides  con¬ 
firmed  the  slte-specificlty  of  the  cross-reactivity 
with  plasminogen.  ELISA  using  human  sera  from  Thai 
patients  revealed  that  about  70X  of  individuals  experi¬ 
encing  a  secondary  dengue  Infection  developed  a  transi¬ 
ent  cross-reactive  antibody  response  to  plasminogen 
(IgG  class  antibody  detected  in  acute  but  not  convales¬ 
cent  era).  In  contrast,  sera  from  ten  patients  in¬ 
fected  with  JE  virus  were  negative  compared  to  a  panel 
of  17  controls.  Cross-reactive  antibodies  are  pre¬ 
dicted  to  bind  plasminogen  19  amino  acids  downstream 
from  the  serine  active  site.  Further  studies  are  in 
progress. 
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USE  OF  RECOMBINANT  VACCINIA  VIRUSES  EXPRESSING  DENGUE 
STRUCTURAL  PROTEINS  FOR  IMMUNIZATION  OF  MICE  AND 
PRIMATES.  M.  Bray1*,  B.T.  Zhao1,  J.  Strauss2,  E. 
Strauss2,  K.H.  Eckels3,  R.M.  Chanock1  and  C.J.  Lai1. 

1.  NIAID,  NIH,  Bethosda,  MD  20892  2.  California 

Institute  of  Technology,  Pasadena,  CA  3.  Halter  Reed 
Army  Institute  of  Research,  Washington,  D.C. 

Recombinant  vaccinia  virus  containing  the  capsid  (C), 
pre-membrane  (pre-M)  and  envelope  (E)  glycoprotein 
genes  of  strain  814669  dengue  4  virus  produces  pre-M 
and  E  glycoproteins.  Mice  in«nuni2ed  with  this 
recombinant  were  protected  against  an  intracerebral 
challenge  of  100  LD50  of  strain  H241  dengue  4  virus. 
Vaccinia  recombinants  expressing  only  E  also  protected 
mice  against  encephalitis.  Although  antibodies  to  E  in 
sera  of  immunized  mice  were  low  or  undetectable, 
resistance  to  challenge  was  induced  through  transfer  of 
serum,  indicating  that  humoral  immunity  plays  a  role  in 
protection.  A  recombinant  which  contains  the  C  and  pre- 
M  genes  produces  apparently  authentic  pre-M.  Mice 
immunized  with  this  recombinant  were  partially 
protected,  indicating  that  C  and/or  pre-M  may  be 
recognized  as  antigens  and  contribute  to  immunity.  A 
recombinant  which  expresses  pre-M  and  E  of  the  S-l 
candidate  vaccine  strain  of  dengue  2  induced  solid 
protection  against  challenge  with  100  LD50  of  New 
Guinea  C  strain  dengue  2.  Mice  immunized  with  the 
dengue  2  recombinant  were  cross-protected  against 
dengue  4,  but  animals  immunized  with  the  dengue  4  C- 
preM-E  recombinant  showed  no  resistance  to  dengue  2. 
Neither  recombinant  protected  against  dengue  1. 

Rhesus  monkeys  were  immunized  with  a  recombinant 
expressing  dengue  4  pre-M  and  E  and  non-st ructural 
protein  NS1.  The  monkeys  developed  antibodies  to  NS1, 
but  were  not  protected  against  homotypic  challenge. 


PROTECTION  BY  BACULOVIRUS  EXPRESSED  PROTEINS  OF  JAPANESE 
ENCEPHALITIS  VIRUS.  J.  McCcwn,  M.  Cochran,  R.  Putnak,  R. 
Feighny,  J.  Burrous,  E.  Henchal .  C.  Hoke*.  WRAIR, 
Washington,  DC  20307  and  MicroGeneSys,  East  Haven,  CT. 

The  polyprotein  gene  of  Japanese  encephalitis  virus 
and  genes  coding  for  the  E  and  NS1  glycoprotein  were 
cloned  into  baculovirus  expression  vectors  and  expressed 
in  Spodoptera  fugiperda  cells.  Crude  cell  lysates  were 
administered  to  C57  black  mice  in  threee  doses  at  0,  3 
and  14  days.  Mice  were  bled  on  day  21  and  challenged 
with  approximately  100  LD50  of  Nakayate  strain  Japanese 
encephalitis  virus.  Survival  was  increased  from  about 
30%  in  control  mice  to  70%  in  E  and  polyprotein  recipi¬ 
ents  (p<.005  for  both  groups  ccnpared  to  control),  but 
was  not  increased  in  NS1  recipients,  despite  the  devel¬ 
opment  of  antibody  by  NS1  recipients.  Virus  neutraliz¬ 
ing  antibody  was  demonstrated  in  15/20  polyprotein  and 
18/20  E  glycoprotein  recipients,  as  compared  with  0/20 
control  and  1/20  NS1  recipients  (p<. 000001  for  E  and 
polyprotein  recipients).  Antibody  against  crude  lysates 
of  Japanese  encephalitis  virus  infected  cells  were  found 
in  E  and  NS1  recipients  and  against  purified  virion  in  E 
recipients  only.  We  conclude  that  baculovirus  expressed 
E  glycoprotein  stimulates  antibody  which  is  both  protec¬ 
tive  and  neutralizing  and  may  form  the  basis  for  a  vac¬ 
cine  suitable  for  huran  use.  NS1  antibody  was  neither 
protective  nor  neutralizing. 
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PURIFICATION  OF  NATIVE  AND  RECOMBINANT  PROTEINS  IN  THE 
PRODUCTION  OF  DENGUE  VIRUS  VACCINES. 

RJ  Feighny*,  MJ  Burrous,  CJ  Ui,  JM  McCown,  CH  Hoke. 
Walter  Reed  Army  Institute  of  Research,  Washington,  DC 
20307-5100 

Purification  of  both  native  and  recombinant  dengue 
virus  proteins  has  been  acccrplished  by  the  use  of  ion- 
exchange  HPLC  technology.  Silver  stained  SDS 
polyacrylamide  gels  demonstrate  that  the  proteins  are 
greater  than  95%  pure,  showing  one  band  with  native  pro¬ 
tein  from  dengue-2  and  less  than  five  bands  with  puri¬ 
fied  reccnb inant  dengue-4  protein.  The  proteins  are  re¬ 
active  with  polyclonal  sera  in  western  blotting  assays. 
The  purified  native  dengue-2  envelope  glycoprotein  has 
been  injected  in  mice  eliciting  production  of  antibody 
to  the  protein.  Maintenance  of  antigenicity  is  highly 
dependent  upon  the  methods  used  to  disrupt  the  virus  or 
cells.  Different  detergents  have  been  used,  nonidet  P- 
40  is  superior  for  the  disruption  of  native  virion  pro¬ 
teins  while  octyl  beta-glucoside  is  best  suited  for  re- 
ccmb inant  proteins.  Current  experiments  are  underway  to 
determine  the  feasibility  of  using  either  purified  na¬ 
tive  or  recombinant  proteins  in  the  production  of  vac¬ 
cines. 
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MDLBCUIAR  MBCHANI  SMS  INVOLVED  IN  THE  T6MPERATORE- 
SENSITIVITY  AND  ATTENUATION  OF  SABIN  3  POLIOVIRUS 
A  J  Macadam*,  j  Hogle1  and  P  D  Minor 
NIBSC,  South  Mirrcns,  Herts.  EN6  3QG,  LK  and  1Scripps 
Institute,  La  Jolla,  CA  92037  USA. 

A  single  amino  acid  change  in  the  capsid 
proteins  of  p 3/Leon,  the  progenitor  of  the  Sabin 
type  3  vaccine  strain  of  poliovirus,  renders  the 
virus  tenperature-sensitive  (ts)  and  also  confers 
an  attenuated  phenotype.  Reversion  of  the  ts 
phenotype,  whether  by  direct  back  mutation  or  by 
suppressor  mutation,  results  in  loss  of  attenua¬ 
tion.  Such  a  strict  correlation  between  phenotypes 
is  a  prerequisite  of  any  in  vitro  marker  for 
attenuation.  Since  a  ts  phenotype  may  be  the 
result  of  other,  non-attenuating  mutations  we  have 
been  investigating  the  processes  affected  by 
temperature  as  a  result  of  this  attenuating 
mutation  {VP39I  ser-phe)  in  the  hope  that  such 
information  may  allow  us  to  screen  for  attentuation 
in  vitro. 

The  positions  of  VP39I  and  suppressor 
mutations  in  the  3D  structure  suggests  that  a  phe 
at  VP39I  nay  result  in  structural  thermolability 
and  that  suppressors  may  act  ty  stabilising  the 
native  capsid  structure.  Differential  thermol- 
ability  between  Sabin  3  and  P 3/ Leon  has  not, 
however,  been  found,  other  stmctittes,  in'«ol*e4  in 
cell  entry,  uncoating  or  assembly  may  be  affected. 
One-step  growth  experiments  showed  that  RNA 
transfection  did  not  relieve  the  ts.  Thus  there 
appears  to  be  at  least  one  ts  step  late  in 
infection.  The  effect  of  temperature  on  assonbly 
processes  of  the  vaccine  strain  is  currently  being 
investigated. 
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BIOLOGICAL  AND  3I0CHEMICAL  CHARACTERIZATION  OF  APHTHOVI- 
RUS  ATTENUATED  STRAINS 

I.E.  Beramann1 *,A.T.  Giraudo2,E.  Beck3,P.  Auge  de  Mello1 
I.  Gomes^  ~  E.A.  Scodelier2  ,  J.L.  La  Torre2 
*Pan  American  FMDV  Center,  Rio  de  Janeiro,  Brazil;  2Cen- 
ter  for  Animal.  Virology,  Buenos  Aires,  Argentina;  Cen¬ 
trum  fur  Molekulare  Biologie,  Heidelberg,  FRG 

To  ascertain  the  nature  of  the  genetic  changes  asso¬ 
ciated  with  virulence  in  cattle,  we  analyzed  the  bioche¬ 
mical  and  biological  differences  between  aphthovirus  at¬ 
tenuated  strains  and  their  respective  wild-type  strains. 
As  expected  due  to  the  high  variability  of  RNA  viruses 
and  to  the  multiple  passages  used  to  generate  these  atte 
nuated  strains,  molecular  weight  and  charge  differences 
between  the  polypeptides  of  the  attenuated  strains  and 
their  respective  wild-type  strains  were  scattered 
throughout  the  entire  genome.  A  feature  common  to  all 
the  attenuated  strains  analyzed  was  an  alteration  in  po¬ 
lypeptide  3A.  Sequencing  of  cDNA  copies  coding  for  this 
polypeptide,  identified  a  genomic  deletion,  of  variable 
length  in  the  different  attenuated  strains.  Analysis  of 
the  in  vitro  markers  of  attenuation  in  primary  bovine 
kidney  cells  (BK)  as  well  as  virulence  tests  in  cattle 
of  recombinant  viruses,  carrying  the  5'  or  3*  halves  of 
either  wild-type  or  attenuated  strains,  located  the  ma¬ 
jor  determinants  of  attenuation  in  the  3'  half  of  the  ge 
nome,  although,  the  5'  half  could  enhance  the  attenua-  — 
tion  effect  carried  on  the  3*  half.  Moreover,  analysis 
of  functional  defects  in  BK  cells  demonstrated  that  the 
attenuated  strains  have  a  diminished  capacity  for  viral 
RNA  synthesis,  which  was  dependent  on  defects  in  the  3' 
half  of  the  genome.  In  addition  a  decreased  efficiency 
of  viral  protein  synthesis,  which  depended  on  defects  in 
the  5'  half  of  the  genome  could  be  observed. 


PREPARATION  OF  A  PURIFIED,  INACTIVATED  HEPATITIS  A 
VACCINE 

Dubois,  D.R.*,  Eckels,  K.H. ,  Binn,  L.N. ,  Ticehurst ,J.R. , 
Cohen,  W.H. ,  Timchak,  R.L.,  Barvir,  D.A.  and  Marchwlcki, 
R.H.,  Dept  Biologies  Research,  Dlv  Comm  Dls  and  Immunol, 
Walter  Reed  Army  Inst  Research,  Walter  Reed  Army  Medical 
Center,  Washington,  D.C.  20307-5100 

A  purified,  inactivated  hepatitis  A  virus  (HAV) 
vaccine  was  prepared  from  human  diploid  MRC-5  cells 
Infected  with  the  HM-175  strain  of  HAV.  The  clarified 
harvest  was  inactivated  with  0.05Z  formalin  and  part¬ 
ially  purified  and  concentrated  by  ultrafiltration. 

The  concentrate  was  further  purified  by  isopycnlc  den¬ 
sity  gradient  centrifugation  in  Renograf in-76  (diatri- 
zoate  meglumine  and  diatrizoate  sodium).  The  major  peak 
of  HAV  antigen  contained  complete  virions  and  was  sep¬ 
arated  from  subviral  antigen  and  host  cell  protein. 

After  pelleting,  the  purified  HAV  was  resuspended  to  a 
concentration  of  1  ug/ml,  adsorbed  to  alum,  followed  by 
addition  of  a  preservative.  The  purified  vaccine  (FI-2) 
was  compared  to  an  earlier  non-purif led  vaccine  (FI-1) 
shown  to  be  immunogenic  for  human  volunteers.  The  HAV- 
specific  antigen  in  the  FI-2  vaccine  was  Increased  139 
fold  while  protein  concentration  was  reduced  100  fold. 
Additionally,  the  FI-2  vaccine  was  >  10  fold  more 
potent  in  mouse  assays  than  the  FI-l  vaccine.  These 
findings  demonstrate  the  feasibility  of  producing  a 
safe,  potent,  and  pure  vaccine  that  can  be  used  to 
perform  human  dose-response  studies. 
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ML-17,  a  live  vaccine  strain  of  JEV, 
is  a  M-protein  mutant  ? 

M. Tanaka,  H.Hori,  R.Kusano,  S.Haishi 
K.Morita  and  A.Igarashi* 

Department  of  Virology,  Institute  of  Tropical 
Medicine,  Nagasaki  Univ.,  Sakamoto-machi 
12-4,  Nagasaki  ,  Japan  852 

ML-17  is  a  live  vaccine  strain  of  Japanese 
encephalitis  virus  (JEV),  created  by  repeated 
cell  culture  passages  of  JaOHOS66,  a  wild  type 
strain  isolated  from  post  motal  human  brain. 
(Yoshida  et.al., 1 98 1 , Biken  J.,vol  24,p47-67) 

The  vaccine  strain  lacks  several  parental 
properties,  such  as,  loss  of  viremia  in  swine, 
lack  of  developing  encephalitis  by  peripheral 
challenge  in  mice  and  poor  multiplication  in 
vector  mosquitoes. 

We  are  aiming  to  understand  precise 
mechanism  of  the  attenuation  at  a  molecular 
level,  and  determined  nucleotide  sequences  of 
the  genom  RNAs  (from  5'  termini  to  the  ends  of 
E-protein  region,  so  far). 

Six  amino  acid  alterations  were 
accumulated  in  PrM  and  M-protein  region, 
though  no  nucleotide  change  and  no  amino  acid 
alteration  were  observed  in  5*  non-coding  and, 
C  and  E  protein  region  ,  respectively. 
Comparison  of  nucleotide  sequence  on  non- 
structural  and  3'  non-coding  region  is  still 
going  on.  However,  the  accumulation  of  six 
sense  mutations  only  in  M-protein  strongly 
suggests  that  the  mutations  correlate  with 
unique  ML-17  phenotypes. 
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PATHOGENESIS  OF  LACTATE  DEHYDROGENASE-ELEVAT¬ 
ING  VIRUS  INDUCED  POLIOMYELITIS:  INVOLVEMENT  OF 
AN  ENDOGENOUS  RETROVIRUS  AND  MECHANISM  OF  ANTI¬ 
BODY  MEDIATED  PROTECTION  FROM  DISEASE.  John  T. 
Harty*,  Christopher  H.  Contag,  Grant  W.  Anderson,  and  Peter 
G.W.  Plagemann.  Department  of  Microbiology,  Univ.  of 
Minnesota,  Minneapolis,  Minnesota,  U.S.A. 

Susceptibility  of  mice  to  the  paralytic  disease  associated 
with  acute  lactate  dehydrogenase-elevating  virus  (LDV)  infec¬ 
tion  is  genetically  Jinked  to  the  presence  of  multiple  copies  of 
endogenous  ecotropic  retroviral  provlruses  which  are  expressed 
in  these  mice  after  birth.  Thus,  disease  is  restricted  to  certain 
mouse  strains,  Including  CS8  and  AKR.  Paralysis  in  C58  mice 
correlates  with  the  presence  of  LDV  RNA  and  antigens  In 
ventral  horn  motor  neurons  of  the  spinal  cord.  Accumulation 
of  endogenous  retroviral  RNA  In  motor  neurons,  which  is 
inducible  by  agents  which  render  mice  susceptible  to  disease, 
correlates  with  susceptibility  of  neurons  to  LDV  infection. 
Substrains  of  C58  and  AKR  mice  differ  with  respect  to  disease 
susceptibility  which  may  be  related  to  differences  in  proviral 
number  or  integration  sites.  Polyclonal  and  monoclonal  anti- 
LDV  antibodies  can  protect  C58  mice  front  neurological  disease 
when  present  at  the  time  ot  infection.  The  mechanism  of 
protection  does  not  involve  elimination  of  LDV;  the  antibodies 
specifically  prevent  infection  of  target  motor  neurons  without 
interfering  with  LDV  infection  of  macrophages  or  non-neuronal 
cells  in  the  CNS.  Protective  monoclonal  antibodies  have  been 
used  to  identify  two  temporally  distinct  stages  in  LDV  patho¬ 
genesis.  These  two  stages  can  be  separated  by  an  Intermediate 
event  required  for  initial  neuronal  infection,  at  which  time 
the  virus  Is  not  accessible  to  the  protective  antibodies.  This 
Intermediate  event  may  Involve  axoplasmic  transport  of  LDV 
through  the  peripheral  nervous  system  to  the  CNS. 
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BIOLOGICAL  VARIATION  IN  RUBELLA  VIRUS  STRAINS. 

J.K.  Chantler?  G.  Tal,  L.  Snyrnia.  N.  Mikl  and  K.  Lund. 
Medical  Micro.,  Univaraity  of  B.C. ,  Canada  V6T  1W5 

Eight  a trains  of  RV,  including  both  vt+  and  vaccina 
strains  hava  baen  coaparad  for  dlffarancas  in  biological 
propartiaa  and  tissue  troplsa.  Zn  vivo  these  strains 
are  known  to  vary  in  their  association  with  Induction 
of  both  arthritis  and  neurologic  complication*  following 
acute  Infection.  In  VERO  cells,  the  vaccina  strain  RA27 
reproduclbly  grew  to  lower  titras  than  other  strains  at 
35®C,  and  was  relatively  tenperature>sensitlve  being 
e loose  coapletely  inhibited  at  39°C.  Differences  were 
also  found  In  the  electrophoretic  mobilities  of  the  sub¬ 
species  of  El  and  E2  glycoproteins  produced  in  VERO 
cells  by  each  strain,  following  Western  blot  analysis. 
This  antigenic  variation  was  also  notable  by  taaune 
peroxidase  (IP)  staining  of  Infected  VERO  cells  using 
several  polyclonal  antisera  to  different  strains  at  RV, 
and  also  monoclonal  antibodies  to  the  El  glycoprotein 
of  the  K33  strain.  Both  quantitative  and  qualitative 
differences  in  the  staining  patterns  were  obtained,  and 
only  partial  cross-reactivity  was  found  between  certain 
strains,  particularly  RA27  and  Therlen. 

The  relative  permissiveness  of  various 
differentiated  human  cells  to  each  strain  has  also  been 
examined  including  lyophoretlcular  cells,  primary 
synovial  membrane  cultures,  a  chondrocyte  cell -line  and 
mixed  cultures  of  astrocytes  and  ollgodendroglla.  Viral 
yields  from  each  cell  type  were  determined  and  viral 
antigen  production  assessed  by  IP  staining  and  in  some 
cases,  SDS-PAGE.  The  results  have  indicated  that  a  wide 
range  of  human  cell  types  are  permlsive  to  RV  and  that 
the  RA27  and  Cendehlll  strains  show  the  most  selectivity 
in  their  choice  of  host  cell. 


ANTISENSE  OLIGONUCLEOTIDE  INHIBITION  OF 

ENCEPHALOMYOCARDITIS  VIRUS  ( EMCV )  RNA  TRANSLATION 
Sabita  Sankar*,  Keat-Chye  Cheah  and  Alan  G.  Porter 
Inst  of  Molecular  &  Cell  Biology,  National  Umv 
of  Singapore,  Kent  Ridge  Crescent,  Singapore  0511, 
Republic  of  Singapore 

We  report  the  inhibition  of  encephalomyocarditis 
virus  (EMCV)  RNA  translation  in  cell-free  rabbit 
reticulocyte  lysates  by  antisense  oligonucleotides 
(13-17  mers)  complementary  to  (i)  the  viral  5*  non- 
translated  region  (NTR),  (ii)  the  AUG  start  codon 
and  (iii)  the  coding  sequence.  Our  results 
demonstrate  that  the  extent  of  translation  inhibition 
is  dependent  on  the  region  where  the  complementary 
oligonucleotides  bind.  Noncomplementary  and  3' 
NTR  specific  oligonucleotides  had  no  effect  on 
translation.  A  significant  degree  of  translation 
inhibition  was  obtained  with  oligonucleotides 
complementary  to  the  viral  5'  NTR  and  AUG  initiation 
codon.  Digestion  of  the  oligonucleotide : RNA  hybrid 
by  RNase  H  did  not  significantly  increase  translation 
inhibition  in  the  case  of  5'  NTR  and  initiator  AUG 
specific  oligonucleotides;  in  contrast,  RNase  K 
digestion  was  necessary  for  inhibition  by  the  coding 
specific  oligonucleotide.  We  propose  that  (i)  5' 

NTR  specific  oligonucleotides  inhibit  translation 
by  affecting  the  40S  ribosome  binding  and/or  passage 
to  the  AUG  start  codon,  ( n)  AUG  specific 

oligonucleotides  inhibit  translation  initiation 
by  inhibiting  the  formation  of  an  active  80S 
ribosome,  and  (iii)  the  coding  region  specific 

oligonucleotide  does  not  prevent  protein  synthesis 
because  the  translating  80S  ribosome  can  dislodge 
the  oligonucleotides  from  the  EMCV  RNA  template. 
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MONOCLONAL  ANTIBODY  RESISTANT  ESCAPE  MUTANTS 
OF  JAPANESE  ENCEPHALITIS  VIRUS  WITH  REDUCED  MOUSE 
NEUROINVASIVENESS. 

By  Cecilia  Dayaraj  and  E  A  Gould*  NERC  Institute  of 
Virology,  Mansfield  Road,  Oxford  0X1  3SR. 

A  panel  of  monoclonal  antibodies  (Mab)  was  prepared 
using  a  strain  of  Japanese  encephalitis  (JE)  virus  isolated  in 
Sarawak.  The  Mab  were  characterised  antigenically  by 
indirect  immunofluorescence,  plaque  reduction  neutrali¬ 
sation  in  vitro  enhancement  of  infection  and  mouse 
protection  tests. 

Molecular  specifications  were  analysed  by  immuno- 
blotting  and  radioimmunoprecipitation. 

Mab  that  neutralised  JE  virus  were  used  to  derive 
neutralisation  resistant  escape  mutants  from  the  plaque 
purified  parent  strain.  The  mutants  were  analysed  by 
immunofluorescence,  immunoblotting,  haemagglutination 
and  neutralisation  tests  with  the  entire  panel  of  Mab,  to 
map  the  epitopes.  The  mutants  were  compared  with  the 
parent  strain  for  mouse  neurovirulence  by  intraperitoneal 
inoculation.  Reduced  neuroinvasiveness,  as  judged  by 
decreased  virulence  was  observed  with  a  few  escape 
mutants.  The  implications  of  these  findings  will  be 
discussed. 


MOLECULAR  DETERMINANTS  OF  JAPANESE  ENCEPHALITIS 
VIRUS  VIRULENCE 

Sorachai  Ni  tayaphan,  *  Joyce  a.  Cram,  and  Dennis  V. 
Trent 

Dlv.  Vector-Borne  Diseases,  Centers  for  Disease 
Control,  Fort  Collins,  CC  80522 

Japanese  encephalitis  ( JE)  virus  belongs  to  the 
family  Flavlvlrldae  and  Is  a  major  cause  of 
encephalitis  In  humans.  The  live-attenuated 
SA— 14  —  14—2  vaccine  strain  has  been  characterized  by 
comparison  of  nucleotide  and  deduced  amino  acid 
sequence  with  the  virulent  SA-14.  There  are  67 
nucleotide  differences  between  the  two  viruses 
scattered  throughout  the  10976  nucleotides  In  the 
genome.  These  sequence  changes  have  resulted  In  27 
amino  acid  differences  in  a  total  of  34  32  amino 
acids.  Comparison  of  the  amino  acid  sequence  of 
the  SA-14-14-2  vaccine  strain  with  3  virulent  JE. 
strains:  SA-14 ,  JaOArS982,  and  Beijing  1,  reveals 

that  14  of  the  27  changes  in  the  SA-14-14-2  vaccine 
are  unique;  1  in  the  capsid,  5  in  the  envelope,  1 
In  ns2a,  1  In  ns2b,  3  In  NS3,  2  in  ns4a,  and  I  in 
NS5.  A  tranaversion  U  to  A  occurred  In  position  39 
of  the  5'-noncodlng  region  in  SA-14-14-2  vaccine 
strain.  Of  three  nucleotide  changes  in 

3'-nontwding  region,  2  are  vacclne-speci f ic. 
Production  and  genetic  manipulation  of  infectious 
clones  will  help  to  define  the  specific  nucleotide 
changes  which  affect  In  virulence. 
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UXTRASTRUOTURB  of  ISOLATED  tobaoco  protoplas¬ 
ts  in  thb  COURSE  OP  LOXG-TBRN  INFECTION 
Yudakova  Z.S.J  Tanaahkina  T.Y. ,  Zhuravlev  Y.N. 
last,  Biol.  Pedol.,  960022,  Vladivostok,  USSR 
Soma  of  virus-specific  abnormalities  ob¬ 
served  in  infeoted  plant  oella  (virus  crysta¬ 
ls,  X-bodies  e to,)  are  absent  in  virus  inoou- 
lated  protoplasts.  These  struotu res  seem  to  be 
connected  with  later  stages  of  iafeotlon  pro¬ 
cess.  In  order  to  verify  this  assumption  the 
ultrastructure  changes  of  tobaooo  protoplasts 
isolated  from  preliminary  (24  hr)  TIP  OM  ino- 
oulated  plants  were  studied  for  160  hr  after 
inooulation  in  sterile  conditions  of  protop¬ 
lasts  incubation.  Just  after  isolation  (40  hr 
postlnfeotion)  protoplasts  contained  virus 
particles  aggregates  (YPA)  speoifio  to  oells 
of  diseased  plants.  During  24  hr  of  protop¬ 
lasts  incubation,  the  TPA  were  disintegrated 
and  virus  particles  were  spread  in  cytoplasm, 
although  the  virus  content  per  protoplast  did 
not  reduced.  The  pronounced  swelling  of  pro¬ 
toplasts  during  incubation  period  was  the  pos¬ 
sible  cause  for  YPA  disintegration.  X-bodies 
were  absent  in  protoplasts  Just  after  isola¬ 
tion,  but  small  accumulations  of  osmlophlllo 
granules  were  found.  These  oemiophllio  granu¬ 
les  were  developed  into  granular  structure  a 
described  us  for  the  protoplasts  inoculated 
in  vitro.  Later  on  granular  inclusions  increa¬ 
sed  in  number  and  size  and  became  similar  to 
granular-fibrillar  inclusions  and  Z-bodles  of 
TM7  infected  plant  cells.  Thus  the  ultraatruc- 
turt  abnonaalities  specific  to  virus  infected 
plant  cells  can  be  observed  In  virus  infected 
protoplasts. 


aggregation  and  degradation  op  thy  particles 

IN  THB  INTERCELLULAR  SPACES  OP  TOBACCO  LEAVES, 
L«  A.  Varfolomeeva*,  Yu.  H.  Zhuravlev,  V.  I. 
Malinovsky . 

Institute  of  Biology  &  Pedology  USSR  Academy 
of  Scienoes,  690022,  Vladivostok,  U.S.S.R. 

The  fate  of  tobacco  mosaic  virus  (TMV) 
particles  was  studied  following  their  injec¬ 
tion  into  the  intercellular  spaces  of  tobacco 
(Nicotiana  tabacua  L.)  leaves  of  systemio 
(v&r.  Sam sun)  and  local  lesion  (var.  Xanthi 
no.)  hosts,  as  well  as  leaves  revealed  syste¬ 
mic  acquired  resistance  (SAB)  of  plants  var. 
Xanthi  no.  As  revealed  by  electron  color  q  sc  o- 
py,  an  aggregation  of  infiltrated  virus  par- 
tloles  takes  place  immediately  after  injecti¬ 
on.  At  the  same  time,  the  infectivity  of  the 
homogenates  of  infiltrated  leaves  was  found 
to  reduce.  In  24-48  h  after  injection,  the 
leaf  homogenate  infectivity  and  the  specific 
infectivity  of  the  TMV  preparations  Isolated 
from  samples  was  reduced.  The  drop  in  infec¬ 
tivity  was  followed  by  shorting  of  TUV  viri¬ 
ons  thus  testifying  to  TMV  partloles  Inacti¬ 
vation.  No  substantial  distinctions  displayed 
in  the  degree  of  aggregation,  degradation  and 
Inactivation  of  virus  partloles  in  the  leaves 
of  systemio  and  looal  lesion  hosts.  The  in¬ 
vestigated  processes  In  SAB  leaves  was  found 
to  be  enhanoed.  These  results  indicated  that 
the  mechanisms  of  the  initial  defence  direc¬ 
ted  towards  pathogens  penetration  into  plant 
cells  are  similar  in  these  hosts. 


MANIFESTATION  OF  THB  N  GENE  IN  ISOLATED  TO¬ 
BACCO  PROTOPLASTS  AND  CELLS. 

V.  I.  Malinovsky*.  Yu.  N.  Zhuravlev,  L.  A. 
Varfolomeeva,  L.  D.  Beletskaya 
Institute  of  Biology  Sc  Pedology  USSR  Academy 
of  Soienoea,  690022,  Vladivostok,  U.S.S.R. 

The  effeot  of  infeotion  with  tobaooo  mo¬ 
saic  virus  on  the  viability  of  protoplasts 
and  oells  isolated  from  the  leaf  mesophyll  of 
Niootlana  tabaoum  L.  var.  Samsun  (a  sensitive 
host)  and  var.  Xanthi  no.  (a  hypersensitive 
host)  was  examined.  The  leaves  were  infeoted 
before  protoplasts  and  oells  isolation,  or 
the  protoplasts  were  Infeoted  with  virus  im¬ 
mediately  after  isolation.  The  protoplasts 
and  oells  Isolated  from  diseased  Xanthi  no. 
plants  during  emergenoe  of  necrosis  were  of 
low  viability,  but  when  the  protoplasts  were 
infeoted  after  Isolation  from  healthy  plants 
they  remained  viable.  No  decrease  in  viabili¬ 
ty  was  observed  in  the  protoplasts  and  oells 
Isolated  from  the  leaves  of  healthy  or  disea¬ 
sed  Samsun  plants,  as  well  as  from  leaves  of 
healthy  Xanthi  no.  plants  or  from  the  leaves 
with  oompleted  lesions.  The  N  gene  was  not 
lnduoed  if  the  Infeoted  Xanthi  no.  plants  we¬ 
re  kept  at  32°C.  the  protoplasts  prepared 
from  these  plants  were  not  destroyed.  Howe¬ 
ver.  we  observed  some  deterioration  of  oells 
isolated  from  these  plants  during  the  early 
periods  of  lnoubatlon.  These  results  lndioa- 
ted  that  the  tissue  integrity,  the  exlstenoe 
of  oell  walls  in  partioular,  plays  a  role  in 
the  N  gene  lnduotlon  and  expression. 


ULTRASTRUCTURE  OF  ISOLATED  TOBACCO  PROTOPLAS¬ 
TS  IN  THE  COURSE  OP  LONG-TERM  INFECTION 
Yudakova  2.S.*  Tanashkina  T.Y.,  Zhuravlev  Y.N. 
Inst.  Biol.  Pedol. ,  960022,  Vladivostok,  USSR 
Some  of  virus-specific  abnormalities  ob¬ 
served  in  infected  plant  cells  (virus  crysta¬ 
ls,  X-bodiea  etc.)  are  absent  in  virus  inocu¬ 
lated  protoplasts.  These  structures  seem  to  be 
connected  with  later  stages  of  infection  pro¬ 
cess.  In  order  to  verify  this  assumption  the 
ult restructure  changes  of  tobacoo  protoplasts 
isolated  from  preliminary  (24  hr)  TfcV  OM  ino¬ 
culated  plants  were  studied  for  160  hr  after 
inoculation  in  sterile  conditions  of  protop¬ 
lasts  incubation.  Just  after  isolation  (40  hr 
postinfection)  protoplasts  contained  virus 
particles  aggregates  (YPA)  specific  to  oells 
of  diseased  plants.  During  24  hr  of  protop¬ 
lasts  incubation,  the  YPA  were  disintegrated 
and  virus  partloles  were  spread  in  cytoplasm, 
although  the  virus  oontent  per  protoplast  did 
not  reduced.  The  pronounced  swelling  of  pro¬ 
toplasts  during  incubation  period  was  the  pos¬ 
sible  cause  for  YPA  disintegration.  X-bodiea 
were  absent  in  protoplasts  Just  after  isola¬ 
tion,  but  small  ao cumulations  of  osmlophlllo 
granules  were  found.  These  osmiophlllc  granu¬ 
les  were  developed  into  granular  structures 
described  us  for  the  protoplasts  inoculated 
in  vitro.  Later  on  granular  inclusions  Increa¬ 
sed  in  number  and  size  and  became  similar  to 
granular-fibrillar  Inclusions  and  X-bodles  of 
TW  Infected  plant  jells.  Thus  the  ultraatruc- 
ture  abnormalities  specific  to  virus  infeoted 
plant  oells  can  be  observed  in  virus  infected 
protoplasts. 
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METHOD  PQa  IDS  NT IPIC ATI 05  SOYBEAN  SBBDS  15- 
7ECTBD  BY  SOYBEAN  MOSAIC  VIRUS. 

A.G.TrubltBinf  A.M.Okulov.  Inst. of  BioI.A 
Psdol*,  Par  Basten  Branoh  of  the  Acad,  eci., 
Vladivostok  22.  USSR. 

Various  all  regions  where  soybean,  la  cul¬ 
tivated  are  affected  by  different  viruses, 
the  highest  damage  resulting  from  soybean  mo- 
saio  virus  (SMY).  Infected  plants  produoe 
less  beans  with  fewer  seeds,  the  grains  being 
often  pigmented  to  ooaplicate  oil  refining. 

SMV  is  transmitted  from  generation  to  genera¬ 
tion  via  seeds,  and  during  vegetation  spreads 
to  neighbouring  plants  the  medium  of  veotor- 
inaeota.  Hence,  the  use  of  inoculations  of 
healthy  seeds  (removal  of  Infection  source) 
could  be  effeotive  in  oombatting  viruses.  To 
achieve  this  aim,  the  method  for  obtaining 
virus-free  seeds  is  necessary. 

The  luminescence  spectra  of  soybean 
grain da  has  two  maxima.  One  of  this  is  in  ul¬ 
traviolet,  and  second  is  in  visible  range  of 
epeotrum.  Ratio  of  visible  luminescence  inten¬ 
sity  to  ultraviolet  one  for  healthy  seeds  is 
more  than  that  of  virus-inf eoted  seeds.  This 
property  may  serves  as  criteria  for  identify¬ 
ing  the  healthy  seeds.  A  schematic  diagram 
was  developed  for  an  installation  designed  to 
automatically  select  of  healthy  seeds.  Nine¬ 
ty—  eight  per  cent  of  the  celeoted  seed  mate¬ 
rial  will  grow  to  yield  an  average  of  20  per 
cent  a  year.  The  method  is  patentable. 


TMV  SIRAI5-SPBCIIIC  INCLUSIONS  II  THB  IIPEC- 
TED  TOBACCO  PROTOPLASTS 
Tanashkina  T.Vf,  Yudakova  Z.S.,  Zhuravlev 
Y.S.  Inst.  Biol.  Pedol. ,  960022,  Vladivostok, 
USSR 

The  ultrathin  sections  of  isolated  tobac¬ 
co  protoplasts  infected  by  the rmore slat ant 
(tr)  and  thermosenaitive  (ts)  TMV  strains  were 
examined  in  eleotron  microscope.  The  virus 
particles  and  the  virus-specific  inclusions 
(YSI )  -  granular  structures  were  found  in 
cytoplasm  of  the  protoplasts  in  24  hr  after 
inoculation  by  tr  strains  (vulgare,  OM, 
nuclear,  kazakhstan)  and  incubation  at  24°  or 
32°.  Special  type  of  VSI,  the  dense  osmiophi- 
lio  bodies  side  by  side  the  virus  particles 
were  observed  in  the  protoplasts  Infected  by 
ts  mutant  N1II8  at  24°.  The  virus  particles 
were  absent  while  the  number  of  dense  osmiop- 
hilic  bodies  considerably  increased  in  the 
protoplasts  at  32°.  The  capsid  protein  of  TMY 
mutant  IiII8  is  known  to  denaturate  losing  of 
solubility  at  this  temperature  conditions. 
Some  other  TMV  strains  producing  insoluble 
coat  protein  (flavum,  PM2)  were  also  demonst¬ 
rated  to  accumulate  similar  dense  osmiophllic 
bodies  in  oytoplasm.  Based  on  this  observa¬ 
tions  one  can  conclude  that  it  is  possible 
to  differentiate  between  the  intaot  and  ooat 
protein  defective  TMV  strains  by  presence 
of  dense  osmiophllic  bodies  in  ultrathin 
sections. 


KNA  t£ PLICATION  COMPLEX  FROM  DATURA  PLANTS 
INFECTED  WITH  POTATO  VIRUS  X 
0. A.Kuehirenkof V.G.Krayev,G. V. Baranova 
Institute  of  Microbiology  and  Virology  Acad. 
Sci.UkrSSR  252627 , Zabolotny  str. 154, Kiev, USSR 
KNA-dependent  RNA  polymerase/RdRp/acti vity 
was  found  in  RNA  replication  complex  isolated 
from  datura  plants  infected  with  potato  virus 
X/PVX/.The  enzyme  was  associated  with  membra¬ 
ne  fraction  sedimenting  as  45£aucrose  gradi¬ 
ent  band  and  can  be  solubilized  using  Triton 
X-TOO.  Membrane-bound  RNA-replicase  from  PVX- 
infected  plants  catalized  in  vitro  the  synthe¬ 
sis  of  product  that  under  fractionation  on 
Sepharose  2B  contained  mainly  high  molecular 
weight  R5A,  genomic  length  ssRKA  and  minor 
quantity  of  low  molecular  weight  RNA. Analysis 
of  the  major  high  molecular  weight  RNA-product 
showed  that  it  corresponded  by^electrophoretlo 
mobility  to  deRMA  of  M^  4.0x10  . Denaturation 
and  annealing  experiments  showed  that  near 
60%  of  the  newly  synthesized  product  was  hyb¬ 
ridized  to  genomic  PVX  RNA. Partially  purified 
preparations  RdRp  from  PVX-infeoted  plants 
when  analysed  by  PACE  native  system  oontained 
polypeptides  of  M_  120  and  190kD,  poseaslng 
RdRp  activity.  That  polypeptides  were  absent 
in  similar  prepatatlons  from  mock-inoculated 
plants. 


MECHANISM  OF  RNA  REPLICATION  OP  POTATO  VIRUS  X 
D.P.Grama*V.V.Dolja',I.  Ju.MaJor,5.N.Maahkovskiy 
Institute  of  Microbiology  and  Virology  of  the 
Ukrainian  Academy  of  Sciences, 252627, Kiev, USSR 
Moscow  State  University, 119899, Moscow, USSR' 

In  infected  plants,  besides  cellular  RNAe, 
virus-specific  double-stranded  R54  (replicati¬ 
ve  form  -  RP)  is  synthesized.  It  contains  ter¬ 
minal  poly(A)-poly(U)  hybrid  and  extra  G  at  3- 
end  of  the  minus  strand.  Except  for  RP,  dsRBAs 
of  lees  length  and  co-terminal  with  3’ -end  PVX 
RNA  are  synthesized  in  infected  cells.  In  con¬ 
trast  with  other  positive-sense  viruses  repli¬ 
cative  intermediate  (partly  daRNA  with  single- 
stranded  ends)  have  not  been  detected  among 
virus-specific  PVX  RNA.  Puls-chase  experiments 
revealed  that  radioactivity  accumulated  only 
in  RP  and  during  chase  radioactivity  reduction 
was  not  observed.  This  evidence  suggests  that 
synthesis  of  PVX  RNA  carries  out  through  for¬ 
mation  an  intermediate  of  conservative  type 
which  turns  Into  completely  double-stranded 
structure  (RP)  during  phenol  deproteinization. 
Virus-infected  cells, besides  genomic-size  RNA, 
also  display  two  major  RNA  0.9  and  2.1  kb  in 
length  and  at  least  four  minor  ones  of  1.4, 1.61 
3-0  and  3.6  kb. All  these  RNAs  are  polyadenyla- 
ted  and  co-terminal  to  the  3' -end  of  the  PVX 
genome  RNA.  By  their  length  aubgenomic  RNAs  of 
2. 1,1. 8, 1.4  and  0.9  kb  are  similar  to  approp¬ 
riate  double-stranded  RNAs.  Subgenomic  RNA  of 
0.9  kb  was  determined  to  serve  as  messenger 
RNA  for  coat  protein  synthesis.  Functions  of 
other  subgenomic  RNAs  are  under  investigation. 


PROTEIN  KINASE  ACTIVITY  0?  CAPSID  PROTEIN  0? 
RED  CLOVER  MOTTLE  COMOVIRUS 
Li 0 . Lapchik* , L. L. Ruene t zova ,  T . I. Art  uh 
Institute  of  Microbiology  and  Virology  of  the 
Ukrainian  Academy  of  Sciences,  252627  Kiev, 
Zabolotny  atr. ,  154,  USSR 

Red  clover  mottle  virus  (RCMV)  virions  ha¬ 
ve  identical  capsids  composed  of  two  different 
proteins  (mol*  wt  59-  and  22  kD).  The  smaller 
capsid  protein  undergoes  limited  proteolysis 
resulting  in  the  significant  (up  to  .ten  times) 
increasing  of  the  speoifio  infeotivity  of  vi¬ 
rus  preparation.  A  cyclic-nucleotide  indepen¬ 
dent  protein  kinaae  activity  has  been  demon¬ 
strated  to  he  associated  with  highly  purified 
particles  of  RCMV.  The  main  acceptors  of  phoai* 
phorilation  are  the  smaller  capsid  protein  and 
produots  of  its  limited  proteolysis  (20-,  18- 
and  16  kD).  Divalent  cations  are  required  for 
activity.  Manganese  or  caloium  at  pN27-8  re¬ 
sulted  in  optimal  incorporation  of  J  ?  radio- 
label  into  acld-preoipitable  protein.  Since 
the  divalent  cations  are  required,  EDTA  was 
found  to  be  strongly  inhibitory.  The  kinase 
activity  was  stimulated  by  the  addition  of 
such  polyamines  as  putreacine,  spermidine  or 
spermine.  Ve  suggest  that  such  modification 
of  the  smaller  capsid  protein  of  RCMV  as  limi¬ 
ted  proteolysis  and  phoaphorilation  may  play 
important  role  in  the  viral  replication  cycle. 


STUDY  OP  PROTEIN  PHOSPHORYLATION  OP  PLANT 
mRNPs  IHPECTBD  WITH  POTATO.  VIRUS  X 
L. P. Didenko*, B. I. Parkhomenko,!. A. Maximenko, 
N.N.Mashkoveky 

Institute  of  Microbiology  and  Virology  of  the 
Ukrainian  Academy  of  Sciences, 252627  Kiev, 
USSR 

There  was  found  protein-kinase  activity  in 
the  composition  of  free  and  membrane -bound 
polysomal  mRNP  and  free  cytoplasmic  mRNP  in¬ 
fected  plants  by  PVX.  mRNP  isolated  from  in¬ 
fected  plants  revealed  the  larger  amaunt  of 
phosphorylated  proteins  as  compared  with  ana¬ 
logous  structures  isolated  from  healthy 
plants. 

ThuB,  the  highest  level  of  phosphorylation  of 
proteins  135,45, 3QkD  was  observed  in  free  cy¬ 
toplasmic  informosomes  of  infected  plants;  in 
free  polysomal  mRNPs  -135, 56, 45, 39, 32, 25-l6kD 
in  membrane-bound  polysomal  mRNP  -149,135,83, 
66,41,26kD. 
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